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BIOCHEMISTRY 

A Common Fold Mediates Vertebrate Defense and Bacterial Attack 

C.J. Rosado etal. 

‘Adomain structure shared by a mammalian defense protein and a bacterial toxic 

protein suggests that both proteins disrupt membranes by forming pores. 
10.1126/science.1144706 


‘STRUCTURAL BIOLOGY 

Structure of the Zine Transporter ViiP 

M. Lu and D, Fu 

The crystal structure of a bacterial membrane transporter reveals that it uses an 

‘unusual two-site, zinc-for-roton exchange mechanism, 
10,1126/science.1143748 
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The Dark Side of the Rings of Uranus 

|. de Pater, H. 8. Hammel, M. R. Showalter, M. A. van Dam 

{mages of Uranus’ rings, which are curently oriented edge-on to Earth, reveal large 

changes in dust distribution since Voyager's vst 20 years ago. 
10.1126/science.1148103, 


BIOCHEMISTRY 
Cysteine Redox Sensor in PKGlcx Enables Oxidant-Induced Activation 
JR. Burgoyne et al. 
‘An unusual redex-triggered dimerization can, like nitric oxide, activate 
cyclic GMP-dependent kinase to reduce blood pressure by decreasing tension 
‘in blood vessel walls 

10.1126/science.1144318, 
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The Experimental Induction of Out-of-Body 
Experiences 

HH. Ehrsson 
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froma distance produced a center of awareness (or sense of set) 
‘outside thelr bodies. >> News story. 10208 
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PHYSICS 
‘Mesoscopic Phase Coherence in a Quantum Spin Fluid 1049 
G.Xu etal 

Neutron scattering measurements on a quantum spin Huld 

reveal the development of mesoscopic quantum phase coherence 
inasjstem without classical static magnetic order 

APPLIED PHYSICS 

Electron-Induced Oxygen Desorption from the 
Ti0,(011)-2>1 Surface Leads to Self-Organized 
Vacancies 

0. Dulub et al 

Removal of oxygen from a TO, surface by electron bombardment 
hinders desorption of other nearby oxygen atoms, allowing specific 
patterns of vacancies tobe formed 
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CHEMISTRY 
Dinitrogen Dissociation on an Isolated Surface 
Tantalum Atom 

P.Avenier et al 

‘Acomplex containing hydrogen and one tantalum atom can split 
‘the strong triple bond in N,, in contrast to established catalysts 
that rely on the cooperation of several metal 
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CHEMISTRY 
Breakdown of the Born-Oppenheimer Approximation 1061 
in the F +0-D, > DF + D Reaction 
L Cheeta 
‘Simulations that account for the simultaneous rearrangements 
of electrons and nuclei precisely match the experimental dynamics 
‘of a problematic tratomic chemical reaction, 
CLIMATE CHANGE 
Glaciers Dominate Eustatic Sea-Level Rise 

the 21st Century 
ME Meier etal. 
‘Alone, acelerated melting of glaciers and ice caps other than 
the Geenland and Antarctic ie sheets may raise sea levels by 
upto 0.25 meters during this century. 
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OCEAN SCIENCE 
The Southern Ocean Biological Response to 1067 
Aeolian Iron Deposition 

WN, Cassar etal. 

Windblown iron-rich dust actss large regions ofthe Southern Ocean 
enhances photosynthesis by phytoplankton and eventually settlement. 
of carbon to the seafloor, 
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The Evolution of Selfing in Arabidopsis thaliana ‘1070 
Tang et al. 

‘An analysis of sex genes shows that at several times throughout is 
history—including about 1 milion years ago—Arabidopsis has 
developed the ability to sl-fertize, 
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Anatomy and Dynamics of a Supramolecular 1072 
Membrane Protein Cluster 
The Evolution of Selfing in Arabidopsis thaliana 070 


Tang etal. 
‘An analysis of sex genes shows that at several times throughout its 
history— including about 1 milion years ago—Arabidopsis has 
developed the ability to sel-fertze. 
BIOCHEMISTRY 
Anatomy and Dynamics of a Supramolecular 1072 
Membrane Protein Cluster 
J.J. Sieber etal. 
Clusters of about 75 molecules ofthe membrane protein syntaxin 
result fom weak attraction among the proteins balanced by steric 
Fepulson induced by crowding 

Perspective p. 1045 
STRUCTURAL BIOLOGY 
Domain Architecture of Pyruvate Carboxylase, 1076 
a Biotin-Dependent Multifunctional Enzyme 
M. St Maurice et al, 
Biotin activation ofthe enzyme pyruvate carboryase decreases 
the distance between the two active sites, faciitating the transfer 
af a carboxy group from one tothe other 
NEUROSCIENCE 
When Fear Is Near: Threat Imminence Elicits 1079 
Prefrontal-Periaqueductal Gray Shifts in Humans 
D, Mobbs et al. 
Brain activity in fearful humans occurs in the cognitively advanced 
prefrontal cortex when the threat i far anay but switches tothe 
‘midbrain as the threat draws near. 
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NEUROSCIENCE 
Astrocytes Potentiate Transmitter Release at 1083 
Single Hippocampal Synapses 

G. Perea and A. Araque 

Certain synapses strengthen upon coincident secretion of the 
neurotransmitter glutamate trom a neighboring astrocyte, 
suggesting that astrocytes contribute to earning. 
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MOLECULAR BIOLOGY 
CHD1 Motor Protein Is Required for Deposition of | 1087 
Histone Variant H3.3 into Chromatin in Vivo 

ALY. Konev et al. 

‘Amator protein knoan to remodel chromatin also required 

{or histone assembly onthe paternal genome during early 
development in Drosophila 

MICROBIOLOGY 

Biye-Light-Activated Histidine Kinases: 1090 
‘Two-Component Sensors in Bacteria 

TE, Swartz et al. 

‘Alight-actvates enzyme witha flavin chromophore is found 

Jn several bacterial species, an in one ofthese it regulates 
light-stimulated macrophage infection. 

EVOLUTION 
Blue-Light-Activated Histidine Kinases: 1090 
‘Two-Component Sensors in Bacteria 

TE. Swartz et a 

‘Alight-activated enzyme witha flavin chromophore is found 

{in several bacterial species, and inone ofthese it regulates 
\ight-stimolated macrophage infection. 

EVOLUTION 
Temporal Fragmentation of Speciation in Bacteria 1093 
A.C Retchiless ond J. G. Lawrence 

‘Unliveeukaryotes, bacteria can be considered to form new species 
‘when lineage-specific genes no longer recombine, lng betore 
‘recombination at other genes ceases completely, 

PSYCHOLOGY 

Video Ergo Sum: Manipulating Bodily 1096 
Self-Consciousness 

8B. Lenggenhager, I. Todi, T. Metzinger, 0. Blanke 

‘Visual and sensory stimuli that mimic subjects viewing themselves 
{rom a distance produced a centr of awareness (or sense of sll) 
‘outside their bodies. 
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Mickey Has Two Mommies 
Researchers take dad out of the mouse procreation 
equation. 

‘Making Water Do the Splits 

"New catalyst may pave way for greener fuel 
Think Pink—or at Least a Reddish Blue 
Researchers link gender color preterences to 


mechanics of vision. 


PB1 domains mediate protein interactions. 
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PERSPECTIVE: The Functions of Plant TIR Domains 
TM. Burch-Smith and S. P Dinesh-Kumar 

ants have evolved novel uses forthe TIR domain in pathogen 
detection and possibly in controling transcription factors aswell 


REVIEW: Structure and Function of the PB1 Domain, 

«a Protein-Interaction Module Conserved in Animals, 
Fungi, Amoebas, and Plants 

H, Sumimoto, S. Kamakura, f.Ito 

Canonical and noncanonical PB interactions contribute to cel 
‘organization and function, 


‘EDI SCIENCE CAREERS JACK PARONSON/CREATWVE COMMONS 


www. 


jencemag.org SCIENCE VOL317 24 AUGUST 2007 


Getting through the academia/industry wall, 


SCIENCECAREERS 


Wrww-sciencecareers.org CAREER RESOURCES FOR SCIENTISTS 


US: Tooting Up—The Wall 
D. Jensen 

's the wall Between academia and industry becoming more o ess 
porous? 

MMISCINET: Profile—Susan Estes 

A.S0s50 

‘Susan Estes's modest demeanor betes her accomplishments and 
Dromise as a genetics researcher and mentor. 

US: Mind Matters—The Complex Biochemistry of Laboratory 
Friendships 

1.5. Levine 

‘Many laboratory relationships that go beyond the lab can have 
advantages and perils, both personal and professional 

US: From the Archives—Project Management for Scientists 
5. Portny and J. Austin 

How can you create a lab envionment that allows free exploration 
yetassures solvency and accountability? 
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A Clean Break at Tantalum 
Bacteria have evolved the remarkably efficient 
nitrogenase enzyme to metabolize N, to ammo- 
nia, whereas the fertilizer industry has long 
relied on heterogeneous iron catalysts at high 
temperature to perform the same reaction. Both 
systems appear to require the cooperation of 
multiple metal centers to cut the strong Ny triple 
bond. Avenier et al, (p. 1056) have found that 
tantalum hydride complexes bound to a silica 
surface can cleave N, in the presence of H, at 
isolated metal centers, yielding Ta-NH and Ta-NH, 
products. Infrared spectroscopy reveals that the 
reaction mechanism is distinct from those in the 
enzymatic and iron-catalyzed reactions and in 
homogeneous organometallic systems, 


A Lot from a Little 


Sea-level rise from future melting of the Green: 
land and Antarctic ice sheets has received much 
attention because these harbor most of Earth's 
ice, but melting ofthe other glaciers and ice 
aps will also contribute, particularly over the 
next century, as they are melting rapidly. Meier 
et al. (p. 1064, published online 19 July; see the 
cover) survey these glaciers and ice caps and 
show that they are likely to contribute as much 
a5 10 to 25 centimeters to sea-level rise during 
the next 100 years, perhaps up to 60% of the 
‘estimated total increase. 


Capturing a 

: Surface Crossing 
Computer simulations of chemical reaction 

2 dynamics tend to rely on the simplifying Born- 
Oppenheimer approximation, which assumes 
that electron rearrangement is complete before 

© the nuclei move about. However, experiments 


www. sciencemag.org 


have shown that certain triatomic reactions 
violate the approximation; for example, in the 
abstraction of one deuterium atom from D,. an 
electronically excited fluorine atom can form a 
(ground-state DF product. Che et al. (p. 1061) 
undertook a more exact theoretical treatment of 
this reaction, encompassing multiple electronic 
potential energy surfaces, and also measured 
product distributions experimentally at diferent 
Collision energies. They found strong agreement 
between theory and experiment in capturing the 
precise quantum-mechanical factors underlying 
chemical reactivity. 


Fertilizing the 
Southern Ocean 


Experiments have shown that adding iron to sur 
face waters in some parts of the world, can stim= 
Ulate biological production. By analyzing com 
piled data and conducting additional experi 
iments, Cassar et al. (p. 1067) show that gross 
primary production and net community produc: 
tion in large regions of the Southern Ocean is 
proportional tothe input of soluble iron from 
aerosols, They conclude that iron addition 
increases export production and that windblown 
dust enhances gross primary production across 
large parts of the Southern Ocean. 


Bacteria Seeing Blue 
Phototropins, blue-light receptors in plants, are 
light-activated serine/threonine kinases with a 
flavoprotein LOV domain as their light-sensing 
module. In addition to the phototropins found in 
eukaryotes, gene-sequence analysis predicts that 
LOV domains should be present in prokaryotes, 
and archaea. Swartz et al. (p. 1090; see the Per- 
spective by Kennis and Crosson) show that 
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<< Let's Get Together 


Proteins in the eukaryotic plasma membrane mediate 
‘many different functions and are largely partitioned into 
clusters, Using the SNARE protein syntaxin 1 as an example 
Sieber etal. (p. 1072; see the Perspective by White) inves- 
tigate the mechanism of clustering using high-resolution 
‘optical imaging, quantitative biochemistry, and molecular 
dynamics simulations. Weak protein-protein interactions 
are balanced by steric repulsion to give densely crowded 
clusters containing about 75 syntaxins. Proteins within the 
cluster are immobile, but can exchange with freely diffus- 
ing molecules. This conceptual framework likely applies to 
many other membrane proteins. 


subset of genes in prokaryotes encodes for pro: 
teins that function as light activated LOV-hist- 
dine kinases. Light activation of the LOV domain 
leads to the formation of a flavin-cysteinyl 
adduct, which is the photoreceptor signaling 
state that activates the kinase domain, Light 
activated LOV-histidine kinases were found in 
‘wo important plant and animal pathogens and 
in a marine photosynthetic bacterium and indi- 
«ate thatthe LOV-histidine kinases are an impor- 
tant family of bacterial photosensory receptors, 


Disordered but Coherent 


When a magnet behaves classically, the spins on 
adjacent atoms are fied and ordered and are typ: 
ically correlated over distances of about 
3 nanometers (nm). Con. 
fining the spins to 
2 one-dimensional 
chain allows quan 
tum fluctuations to 
‘become important, 
and the spins become 
disordered or fui-tike, 
Xu et a. (p. 1049, pub- 
lished online 26 July) now 
present inelastic neutron scattering measure- 
‘ments on the spin chain material Y,BaNiO,, Their 
data reveal that coherence between the spins, 
despite the quantum effects, extends to more 
than 20 nm, nearly an order of magnitude longer 
than the classical coherence length, 


Threat, Distance, 


and Dread 


Behavioral experiments suggest that the dis- 
tance from a threat affects the state of fear in 
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This Week in Science 


Continued from page 1005 


rodents. Mobbs et al. (p. 1079; see the Perspective by Maren) developed a computer program in which 
human subjects were chased by a virtual predator that could inflict real pain. As the virtual predator 
closed in, brain activity switched from the prefrontal cortex to the periaqueductal gray part of the mid. 
brain, Higher-cortical systems thus control behavior when the degree of threat is perceived as lan, while 
extreme levels of threat evoke phylogenetically older regions that control fast reflexive behaviors 


Astrocytes at Single Synapses 

Astrocytes respond to synaptic activity and can release different gliotransmitters, which modulate 
neuronal activity and neurotransmission, Perea and Araque (p. 1083) examined the role of astro- 
cytes on synaptic transmission at single hippocampal excitatory synapses. Ca®* elevation in astrocytes 
ed toa transient release of the neurotransmitter glutamate from astrocytes, which was mediated by 
metabotropic glutamate receptors. Potentiation became long-lasting when glial activation was paired 
‘with postsynaptic depolarization. 


Metabolic Enzyme Nailed 

Carboxylases transfer carboxyl groups in a number of essential 
metabolic reactions. The enzymes have distinct active sites to 

catalyze different steps of the overall reaction, and the cova: 

lently bound biotin cofactor is used to transfer activated car 

boxyl intermediates between the sites, but how this transfer is 

achieved has not been clear, Now St, Maurice et al. (p. 1076) 

feport the complete structure of pyruvate carboxylase. Pyruvate 
Carborylaseis active asa tetramer, and transer ofan activated car 
boxyl group occurs between active sites on separate polypeptide chains. 


Motoring Chromatin Assembly 

Molecular motor proteins, such as the chromodomain-containing factor CHD1, function in remodel. 
ing nucleosomes. In vitro analyses suggest that CHD1 acts as an ATP-utilizing chromatin assembly 
factor. Konev et al. (p. 1087) now examine the role of CHD1 in vivo in the fruit fly Drosophila 
melanogaster, Elimination ofthis factor results in infertile females because mutant embryos are 
unable to incorporate a histone variant into the paternal genome after protamine removal from the 
sperm, The Chd2 null eggs cannot decondense sperm chromatin, resulting in the exclusion of 
paternal chromatin from the zygote and the generation of nonviable haploid embryos. 


From Clone to Species 

Because of widespread exchange of genes, bacteria do not fit easily into the conventional paradigm 
of species. Retchless and Lawrence (p. 1093) have devised a method to extract the time of diver 
gence for different genes in different bacterial species. Using these data, they show genes that 
encode lineage-specific traits became genetically isolated long before recombination ceased at other 
loci. Thus, as bacterial lineages begin to separate, they can be considered different species at some 
genes, but the same species at other genes. This is quite different from any speciation process 
described for eukaryotes. Thus, ecologically distinct species must exist within traditionally named 
bacterial species, which may impact the use of microbial taxonomy to inform human decisions, such 
as medical diagnosis, epidemiology, or bioterrorism. 


In Two Places at Once 


The sense of being outside of one’s physical body (an out-of-body experience) has generally fallen 
within the realms of neurological dysfunction, either organic or pharmacologically aided, or of para 
‘normal phenomena. The advent of virtual reality has offered a noninvasive and reproducible 
approach to inducing out-of-body experiences in normal subjects, as shown by Ehrsson (p. 1048) 
and by Lenggenhager et al. (p. 1096; see the news story by Miller). Head-mounted displays were 
used to demonstrate that subjects would reliably report the sensation of inhabiting a virtual body, 
from which vantage point they would be looking at themselves. In addition, they reacted autonomi 
cally in response to harm directed at their virtual body and displaced their bodily sense of self toward 
their doppelganger and away from their physical body. 
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Award-winning journalists 
write for Science—with 12 
top awards in the last four 
years. That's why we have 
the most compelling stories, 
and the biggest readership 
of any general scientific pub- 
lication, To see the complete 
list of awards go to: 
sciencemag.org/newsawards 
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Is your expression visible? 
Sigma enables unlimited gene expression analysis. 


INNOVATION @ WORK 


Make your gene expression profile visible with the TransPlex* Whole Transcriptome 
Amplification (WTA) Kit. TransPlex provides rapid amplification of total RNA from 
various sources such as blood, tissue biopsy, cultured cells, fixed and frozen tissue, 
plants and microorganisms 


Simple - amplification of total RNA in less than 4 hours with less than 
30 minutes of “hands-on” time 


Sensitive - only 5 ng of starting material required to produce a highly 
representative library from total RNA 


Robust - effectively amplifies degraded RNA, including formalin-fixed, 
paraffin-embedded tissues 


Informative - amplified DNA suitable for gPCR and microarray profiling 


Learn how TransPlex enables unlimited gene expression analysis at: sigma.cor 


Our Innovation, Your Research 


Shaping the Future of Life Science 
‘ansPles* a regtered vademark belonging to Sgma-Alich Co. and ts afliateSgma-Aksich Biotechnology LF 


Donald Kennedy is 
Editorin-Chiet of Science. 


STEM—But No Stem 


TWO CONVERGING EVENTS TOOK PLACE ON 9 AUGUST THAT OUGHT TO HAVE THE 
scientific community scratching its collective head. One of these is an anniversary: On that date 
in 2001, President George W. Bush signed an Executive Order banning any use of federal funds 
to support research on stem cells (sive, of course, for those 78 preexisting cell lines, only 21 of 
Which are available), That position is reiterated most recently in another Executive Order afier 
Bushs veto of the 2007 Senate bill (S.5) that would have authorized stem cell research, 

The convergence is with the presidential signing of the America COMPETES Act(HR. 2272) 
precisely on that anniversary. For these who collect fancy congressional titles, the full name of this 
act is (gasp) America Creating Opportunities to Meaningfully Promote Excellence in Technol 
Education, and Science, Its content embodies many of the provisions and the spirit of the 
president's American Competitiveness Initiative (ACI), and thus both bills are responses 
‘unusually influential report from the National Academies. Called 
Rising Above the Gathering Storm and produced by a high-level 
committee chaired by Norman Augustine, former chairman and 
CEO of Lockheed Martin, its recommendations included programs 
for the education of students in science, technology, engineering, 
and mathematics: STEM, in the acronym of science-ed lingo. 

The irony is unmistakable. The prospects of a basic research 
effort that might have extraordinary clinical applications, one 
approved by a substantial majority of Americans, are sill dim. So, 
no stem. But STEM isall over the America COMPETES Act, 
signed on the anniversary of Bush turning the lightsout on stem cell 
research, the president cannot have intended a subliminal 
message in the convergence. Or could he? 

‘America COMPETES implements number of initiatives derived 
from the Augustine report and ACI. It provides substantial increases to three physical science 
agencies for the period 2008 to 2010: a total of $22 billion for the National Science Foundation 
(NSF), $17 billion forthe Deparment of Energy's (DOE'S) Office of Science, and $2.7 billion for 
the National Institute of Standards and Technology (NIST), Much smaller annual amounts go to 
the Department of Education for two new middle-school math programs, advanced courses in 
high school, and inducements for college science majors to become K-12 teachers. 

Iris difficult to find fault with these proposals. There is consensus that the physical science 
agencies were about due for their turn at having research finding doubled. The STEM education 
programs are alittle harder for the White House to swallow: The president’s science adviser 
John Marburger, has called them an unwarranted expansion of efforts not yet proven effective, 
and this month Bush declared that he will support only those pieces of th 
his own ACI. Still the research direction appears to be right, and scientists supported by NSF or 
DOE ought tobe looking happier than their colleagues in biomedicine. They should be warned, 
though, that doubling isa blessing only until it ends in a real-dollar dropoff, at which point 
they'll start to feel dumped on. 

So here we are. On the one hand, the scientific community ought to thank the Augustine 
committee fora report that somehow avoided the usual fate of dying ona government shelf, and 
be appreciative of a president who says he cares about science. Yet that same chief executive is 
prepared to apply his own set of "moral values” to prevent some promising research. And we are 
siill grappling with the effects of the 2002 No Child Left Behind Act, Bush's contribution to his 
legacy in which billions of dollars in unfunded mandates have been lef to the 50 states to pay 

America COMPETES. in fact, isan authorization and not an appropriation. full though it 
is of good intentions. Perhaps the president is attracted to its business-friendly language and 
‘welcomes the fitct that its focus is on STEM rather than lowercase stem, With that emphasis, it 
could be the other bookend for his legacy. Maybe “No Grownup Left Behind.” 

Donald Kennedy 


10.1126/science-1149332 
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Replenishing the Power Stations 


‘Mitochondria—the microscopic powerhouses of the cell—contain their 
‘own vestigial genome (mtDNA), and each cell needs a collection of 
healthy organelles to survive, Mitochondria are highly dynamic and 
undergo both fission and fusion. They produce adenosine 5'-triphos- 
phate by transferring electrons from organic substrates through a series 
of respiratory enzyme complexes to molecular oxygen. Chen et ol 
‘examined the function of the mitochondrial fusion protein mitofusin 2; 
mutations in the gene Mfn2 have been linked to the peripheral neu- 
ropathy Charcot-Marie-Tooth type 2A, in which the very long motor and 
sensory neurons of the lower leg die. They generated mice that lacked 
‘Min2 specifically in the cerebellum and found that the mutant mice suf- 

fered cerebellar degeneration. mitochondrial distribution, 
‘morphology, and function were all compromised 
in Min2-deficient cells, and many mito- 


MOLECULAR 


oLoGy 
of Four 


Nucleosomes constitute the principal structural 
motif of eukaryotic chromosomes and contain 
‘actomers of highly conserved histones with the 
almost invariant stoichiometry of two copies, 
each of H2A, H2B, H3, and H4, Centromeres are 
specialized regions within chromosomes that 
play a critical role in the accurate segregation of 
duplicated chromosomes during cell division, 


Centromere nucleosomes contain an alternative 
histone, CenH3, which is thought to define cen: 
tromere identity and participate in mitotic 
mechanics. 

Dalal etal. have explored these issues 
through a biochemical and biophysical analysis 
of centromere nucleosomes in Drosophila. Cross 
linking of bulk chromatin from crude extracts 
and within purified nuclei revealed that Cenl3 
appears in a heterotypic tetrameric half-sized 
nucleosome, with one copy each of CenH3, H2A, 
H2B, and H4. This composition was confirmed by 
mass spectrometry, and atomic force microscopy 
showed tetramers to be half the height of 
octomers. The tetramers protect less DNA [~120 
base pairs (bp)] than the canonical octomers 
(~150 bp) and do not seem to form as regular 
higher-order structures as the octomer, yielding 


chondria appeared to have lost their 


tribution (ri 
normal complement of mtDNA. The 


Cerebellar structure (left) and mitochondrial dis- 


ht, yellow). 


authors propose that a dynamic fusion capacity is required to maintain the genetic where 
withal for each mitochondrion to synthesize adequate supplies of respiratory enzymes. 
Furthermore, it seems that the Purkinje cells of the cerebellum are particularly sensitive to 


This looser chromatin conformation, embe 
within heterochromatin, may be critical for teth 


ering the kinetochore to the centromere. — GR 
PloS Biol. 5, €218 (2007) 


CHEMISTRY 
Three in aC 


‘Numerous compounds comprising tw 
bonded metal centers stabilized by bulky 
‘organic ligands have been char 

acterized. However, zinc, cad 


‘miu, and mercury, which 
straddle the boundary 
between d-block and p- 
block metals, have only 
very recently been 
observed in 
Zhu etal. previously 
prepared zinc and cadmium 
dimers bearing bis(diso- 
propylphenyliphenyl ig: 
ands, and have now synthesized a mercury dimer 
with the same ligand set to complete a homolo: 
‘gous series. The compounds were accessed by 
reduction of metal halide precursors, and their 
solid-stat 


is moti. gy 


Calculated HOMO 
‘of mercury dimer. 


changes in the distribution and respiratory activity of their mitochondria, perhaps as a consequence 
of their extensive ramifications. — SMH 


Cll 130, 548 (2007), 


tions, the mercury-mercury bond is longer (and 
thus likely weaker than the analogous zinc link 
age, but shorter than the cadmium bond, The cal 
culations implicate relativistic effects inthis bond 
shortening, in keeping with a higher proportion of 
s-orbital character (as wel as a measure of de? 
‘overlap in the mercury dimer’s highest occupied 
molecular orbital (HOMO). All three compounds 
have effectively near C-M-M-C geometries, 
with the terminal phenyl rings canted at 
an approximate right angle relative 


to one another. The authors also 
prepared zinc and cadmium 
ddimers incorporating bridging 
hydride ligands for structural com 
parison; the mercury hydride proved 
monomeric and was characterized 
spectroscopically. — JSY 
J. Am. Chem. Soc. 129, 
10,1021,2072682x (2007), 


MATERIALS SCIENCE 


An Inside View of We 


aving 


Fiber-reinforced composites (FRCS) are finding 
g use as structural materials because 
they offer good performance at low weights. The 
mechanical properties of any given FRC depend 
on many variables, including the distribution and 


orientation ofthe fibers within the matrix mate- 
rial. However, for most composites, nondestructive 
visualization ofthe fibers’ response to stresses is 
precluded either by the opacity of the matrix 
‘material or by insufficient contrast between the 
fibers and the matrix, 

Davies et al, surmount this challenge by prob 
ing an FRC through diffraction of a high-flux, 
microfocused x-ray beam from a synchrotron 
source. The sample comprised woven poly(p 
phenylene phthalamide) (PTA) fiber mats 
embedded in an epory matrix. A hole drilled into 
the center of the specimens modeled the rivet 
holes typically used to attach composite panels in 
aeronautical applications. The diffraction data 
clearly resolved the interleaved pattern of the 
woven fibers. Damage to the fibers was localized 
near the hole, and the tit angle increased for 
fibers parallet to the strain direction asthe 
stresses were transferred to neighboring fibers 
away rom the hole, Because PPTA forms oriented 
fibers, the authors were able to determine 
changes in orientation of the yarn and could thus 
observe reorientation of the horizontal fibers 
caused by stress transfer. — MSL 

‘Avpl. Phys. Lett. 91, 044102 (2007). 


MATERIALS SCIENCE 
Sublimed Clusters 


Inorganic thin films can be formed under vac 
‘uum conditions by transferring material from 
cone surface as a vapor and depositing it on a 
nearby substrate, However, forming the vapor 
phase often involves harsh conditions—such as, 
heating to very high temperature or bombard: 
‘ment with high-energy ions or photons—to des: 
orb atomic species or a distribution of clusters 
Asa result, preserving intricate synthetic struc 
tures during the transfer is often difficult. Chao 
et al. show that silicon nanocrystals (with mean 


“stke 


www.stke.org 


EDITC 


RS' CHOICE 


ciameters near 2 nm) capped with undecyt 
hydrocarbon chains can undergo thermal des- 
corption at relatively low temperature (200°C) 
and be transferred from one surface to another 
for a wide variety of substrates. Composition of 
the transferred particles was confirmed by x-ray 
photoemission spectroscopy, and morphologies 
were examined with a range of microscopy tech: 
niques. The nanocrystal initially grew as two 
dimensional islands but could also form three 
dimensional clusters. — PDS 

Nat. Nanotechnol. 2, 486 (2007). 


ECOLOGY/EVOLUTION 
The Whole Is the Sum of the Parts 


The fragmentation of natural ecosystems as a by 
product of human activity is generally held to 
have adverse consequences for biodiversity, 
because it reduces the area of each habitat as 
well asthe opportunities for dispersal and 
‘gene flow. Yaacobi et ol tease 
‘apart the effects of areal loss 
from those of degree of fragmen 
tation in a Mediterranean scrub 
‘ecosystem in IsraeL. The total num: 
beer of species of beetles and plants 
remained unaffected by the degree 
of subdivision of the landscape: a 
patch of area A having a similar 
‘number of species to n smaller patches 
of total area A. Despite this absence of 
an effect, the authors caution thatthe absolute 
‘number of species isnot the only goal of conser 
vation, Fragmentation also affects the abundance 
of individual species, some of which may be 
charismatic, and the composition of ecological 
communities in patches, features that are key 
determinants of ecosystem health. — AMS 
Proc. R. Soc. London 8 274, 
10.10%8/sp6.2007.0674 (2007) 


<< Hyperactive Antimicrobials 


Rosacea is a painful acne-like skin disorder, characterized by dilated 
blood vessels and persistent redness of the face. Yamasaki et al. provide 
evidence that cathelicidin peptides—which are chemotactic, angiogenic, 
‘and bactericidal, and are important for innate immune responses in the 
skin—are involved in the pathogenesis of rosacea. Skin biopsies of 


patients with rosacea had elevated levels of cathelicidin and cathelicidin mRNA. Processing of the 
‘cathelicidin precursor involves cleavage of the proprotein by the kallikrein family protease stratum 
‘comeum tryptic enzyme (SCTE); rosacea samples had elevated levels of SCTE and protease activity. 
The abundant cathelicidin fragment LL-37 stimulated interleukin-8 (IL-8) production in cultured 
fhuman keratinocytes and caused erythema, vascular dilation, neutrophil infiltration, thrombosis, 
and hemorrhage when injected subcutaneously into mice; injection of SCTE caused similar symp- 
toms, In mice deficient for the gene Camp, which encodes cathelicidin, inflammation was substan: 
tially less than normal after application ofa contact skin irritant or physical abrasion. — NRG 

Net ted. 13,975 (2007). 
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Biomarker 
Discovery 


RECORDED 
LVE 

on June 20, 
2007 


Discovery of Antibody 
Biomarkers for Cancer 
and Autoimmune 
Disease 


Participating Experts: 
Eng M. Tan, M.D, 
SorppsReseachintiute 
Michael Snyder, Ph.D. 
Yale Unversity 

Poul Predki, Pho. 
Instrogen Corporation 


Moderator: 
‘Sean Sanders, Ph.D. 
Commercial Editor, Science 


Join our panel of experts to: 
Learn about the promise of 
‘autoantibodies as biomarkers, 
for cancer and autoimmune 
disease. 

‘Obtain insight into how to 
‘advance your biomarker 
discovery research using, 
proteomics approaches. 

Hear about successful 
application of protein arrays 
tobiomarker discovery in 
‘ovarian cancer. 


To view on demand, go to 
www.sciencema 
inar 


Science 
BYAAAS 


Webinar sponsored by Invitrogen 
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Things That Drip 


One grows in caves over thousands of years 
the other appears in the back of your fridge in 

a matter of hours. But new research suggests 
that forall their differences, the mathematics 
describing stalactites and icicles isthe same. 

According to work presented last week at a 
‘meeting on natural complexity at the British 
Antarctic Survey in Cambridge, U.K., the rate 
of growth of either a stalactite or an icicle can 
bbe modeled by a simple power law based on 
the radius and the inclination of the surface 
at any given point. Raymond Goldstein, 

a theoretical physicist at the University of 
Cambridge, U.K., developed the model to 
describe the growth of stalactites, based on the 
rate at which calcium carbonate precipitates 
from water. Icicles grow by an entirely different 
‘mechanism: heat transfer from water to the 
surrounding air, which causes the water to 
freeze. “Despite the time scales and dimensions 
‘of molecules being very different in the two 
cases, out pops the same mathematical formula,” 
says Goldstein. “It's a big mystery why nature 
would select the same power lav.” 

“Nobody had a good model for the global 
shape of either stalactites or icicles before this, 
sotto find a solution for both is impressive,” 
says Stephen Morris, a physicist at the University 
of Toronto, Canada, 


Polar Ice Watch 


Atelting sign of climate change is the declining 
amount of Arctic sea ice that remains at the 
end of summer, And it’s not just 
aan indicator. Arctic ice also 
influences climate by cooling 
the planet. 
You can follow changes, 
in sea-ice status at the Web site 
of the National Snow and Ice Data Center in 
Boulder, Colorado, which posts regular updates 
(on ice conditions and analyses of trends. By 
‘mid-August, this year’s melt had already broken 


the record set in 2005, when only 5.3 million 
‘square kilometers of ice were left at the end of 
the season, 31% below average. The site will 
provide fresh information until the melting 
halts, usually in September. 


The Many Facets of 
Soccer Ball Design 


No ball is a perfect sphere, but the 
closer itis to one, the smoother the 
trajectory. After goaltenders during —\ 
the 2006 soccer World Cup in 

Germany complained that the latest 
design had an unpredictable trajectory, 


South African geologist Jos Lurie decided to use 


his expertise in polyhedra and his 15 years of 


studying soccer ball designs to come up with a 
better pattern. Lurie, a professor emeritus who 
teaches gemology part-time at the University of 


LBANDOMSAMPLES 


EDITED BY CONSTANCE HOLDEN 


Johannesburg, South Africa, describes his 
design as an “equilibrium” combination 

12 panels of a pentagonal dodecahedron and 
30 of a rhombic triacontahedron. That makes, 
for 42 panels—10 more than the popular 
Buckminster design and 28 more than the 
newer 14-panel Adidas Teamgeist. “The more 
panels you have, the more spherical the ball 
becomes,” he says. 

“A better design would be wel: 
come, considering that the balls 
used in 2006 moved at times 

‘unpredictably, like knuckle 

balls in baseball,” says Ken 

Bray, a theoretical physicist at 
the University of Bath, U.K. Lurie 
hhas sent his design to Adidas, hop 
ing the company will test the ball for 
the next World Cup, which will be held in South 
Africa in 2010. Adidas has 50 far failed to 
express interest and has defended its 
Teamgeist as “a perfectly round ball allowing 
great accuracy and contol.” 


Keeping Oz As Is 


Northern Australia is gaining fresh attention as one of the less spoiled areas of the world. The 
‘egion—which extends more than 3000 kilometers from the wet tropics of Cape York Peninsula 
to Broome on the Indian Ocean—"contains the largest and most intact tropical savanna woodland 
remaining in the world,” says Brendan Mackey of the Australian National University in 
Canberra. Mackey is 3 co-author of The Nature of Northern Australia, a report released in 
Darwin last week that aims to supply science-based guidance for conservation and development, 
Much of the north remains “intact,” the authors say. “Great flocks of birds still move over the 
land, ... Rivers stil flow naturally. Floods come and go.” 

But northern Australia is also being threatened by climate change, poor fire management, 
weeds, and feral animals (including the fast-moving cane toad scourge), according to the Pew 
Environment Group and The Nature Conservancy. This summer, the two groups launched the Wild 
Australia Program, a $14 million, 3-year conservation effort. 


Open savanna with, 
termite mounds in 
Queensland. 
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More Microarray 


Applications 


Molecular Devices offers the most broadly applicable microarray scanning and analysis package on 
‘the market. With the industry leading Axon GenePix" system, you can perform virtually any fluorescent 
microarray application in a standard microscope slide format. 


Gene Expression: Easily scan and analyze 1-color to 4-color arrays from any source, whether 
home-brewed or commercially manufactured 


‘Comparative Genomic Hybridization (CGH): Unique AutoPMT function in Axon GenePix Pro ensures 
‘optimal scans using all aray features 


Protein array: Non-confocal 64 ym focal depth ensures optimal imaging of membrano-slide protein 
arrays, and surface scanning allows the use of non-transparent substrates 


ChIP-Chip and Methylation: Visualize resuits in genomic context with Axon Acuity* software's 
Chromosome Viewer 


‘And many others: ifit's fluorescent and fs within a standard side format, we can accommodate it. 
Arcturus® Microgenomics and Axon Microarray Tools 
NEW! Arcturus Turbo Labeling”: RNA/DNA labeling for microarrays 


‘Axon GenePix 4100A, 40008, 4200A, and 4200AL microarray 
‘applications and throughput 


(i Molecular Devices ‘Axon GenePix Pro 6 image analysis and Axon Acuity 4 microarray informatics software 


anners for the full spectrum of 


now part of MDS Analytical Technologies Expect more. We'll do our very best to exceed your expectations. 


Research Awards SmartShutter 
for Innovation in Stepper-Motor 
Neuroscience (RAIN) Driven Shutter 


The Society for Neuroscience is pleased to is Hatha Rene town didoer to onsen on clon 
announce the inaugural year of the Research Choose between fast or “soft” speeds 
The Programmable control of exposure time delay 
n Free running or timed interval operation 
prize was established to honor imaginative, Variable aperture settings for neutral density 
innovative research that will advance novel Life tested to over 100 million cycles 
25mm, 35mm or 50mm shutters available 
Modular repairable design 
breakthroughs in the understanding of the brain USB or TTL control 


and nervous system and related diseases. 


Awards for Innovation in Neurosciens 


ideas an have the potential to lead to significant 


Deadline for receipt of no n package 
Monday, September 17, 2007. 


For details please visit www.sfn.org/rain. 
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On Campus 


INSIDE GOVERNMENT 
WHO'S THE BOSS? Since its creation in 1950, 
the National Science Foundation (NSF) has pro- 
vided staff and support to the National Science 
Board (NSB), the body that oversees the $6 bit- 
lion agency. The arrangement has grown some- 
what contentious in recent years, however, a5 
'NSB has sought to assert its independence. This 
‘month, the tension reached a new high when 
Lawrence Rudolph (below), NSF's longtime and 
nfluential general 
counsel, suggested at 
the board's most 
recent meeting that 
the 24-member presi- 
dentially appointed 
panel might want to 
ask Congress for per- 
mission to hire its own 
general counsel and 
other key staffers if the 
board felt its interests 
and thase of NSF were no langer compatible 
Rudolph blunt words come in the wake of 
recent congressional unhappiness with the 
board's behavior (Science, 3 August, p. 579). 
And they appear to have caught NSB chair 
Steven Beering and NSF Director Arden Bement 
off-guard, “I can’t take seriously the idea that 
we separate the two bodies,” says Beering. “This 
relationship has worked for 57 years, and | think 
it should be strenqthened, not weakened.” 
Bement says the board and the agency have 
endured some rocky times but are now in sync 
“The board chairman and | pledged upon his 
election to do our utmost to improve communi- 
cations, and as a result they have improved 
considerably,” he notes. Rudolph declined to 
5 elaborate on his comments. 


EDITED BY YUDHIJIT BHATTACHAREE 


WAR OVER WORDS. Pediatrics researcher Frederick Zimmerman 
(eft) is finding out that baby talk can be dangerous. Last week, 
the Walt Disney Co. attacked a study he published this month in 
the Journal of Pediatrics suggesting that baby videos might do 
‘more harm than good to infants’ language development, Robert 

Iger, CEO of Disney, which owns the popular Baby Einstein 

series of educational videos, said that Zimmerman’s work was flawed and that a 

press release from his institution, the University of Washi tle 

misrepresented the study’s findings. UW President Mark Emmert has defended the 
work and rejected Disney's cal fora retraction of the release 
The study, based on parental interviews, found that infants who watched a lot of 

“baby DVDs” understood fewer words than those who viewed fewer videos under= 

stood. Disney siys Zimmerman and colleagues shouldn't have lumped together all 

baby videos and that other studies have shown that “the specif 
the way [the video] is consumed are vitally important” 

Zimmerman says he would welcome data from Disney on the topic and that his 
paper “is not the definitive study in the area.” 


nature of content and 


LE NEWSVAKERS 


MOVERS 

OFF THE RAILS? Three research policy 
leaders within the U.S. Department of Health 
and Human Services are leaving, and their 
posts may remain vacant until the next 
‘Administration. John Agwunobi, a pediatrician 
who has been assistant secretary for health 
since 2005, is joining Wal-Mart as a senior 
vice president overseeing its health division. 
Congress doesn’t seem to be in any big hurry 
to approve President George W. Bush's nomi 
nee for surgeon general, James Holsinger Jr., 
especially after the previous incumbent, 
Richard Carmona, recently denounced his 
former bosses for stifling science. And next 
month, career fed Bernard Schwetz steps 
down as head of the Office for Human 
Research Protections. Fortunately, says bio- 
medical lobbyist Anthony Mazzaschi, such 


Pioneers >> 


positions are often held on an acting basis by 
“pretty competent federal employees... who 
keep the train on the track.” 


‘iter 4 years on the job, physicist Robert 
Dynes has announced that he will step down as 
president of the University of California system 
{in June 2008 and return to full-time research at 
UCSan Diego. Dynes's tenure has been marked 
by controversy, including what critics said were 
‘extravagant salaries and perks awarded to 
dozens of senior university administrators. 


William Jeffrey, a physicist by training, 
is resigning after 2 years as director of 
the National Institute of Standards and 
Technology to head the science and tech- 
nology effort at the Institute for Defense 
Analysis in Alexandria, Virginia. 


‘QUICKENING THE PACE. One of Japan's hottest stem cell scientists is 
moving to California, in part because of a more favorable research envi- 
ronment. Shinya Yamanaka, who last year conferred the transformative ¢ 
powers of embryonic stem cells upon skin cells taken from adult mice, 
will be joining the Gladstone Institute of Cardiovascular Disease in San a 
Francisco, where his work will be partly funded by the state's stem cell 
initiative. He't intially split his time between Gladstone and his current 
institution, Kyoto University, and within a few years leave his Kyoto post 
‘and move to San Francisco. 

Yamanaka’s accomplishment with mouse cells has raised hopes of 
developing therapies that avoid ethical concerns about using human 


‘eggs or embryos (Science, 8 June, p. 1404). 


He is now racing with other researchers to repro- 


‘gram adult human cells, and he says that work will proceed faster in California than it would in 
Japan, where lengthy applications and prolonged reviews stow down research. Yamanaka plans 
first to bring his human cell research to Gladstone, where he did a postdoc in the 1990s, and 


leave his mice in Japan for now. 
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PALEOANTHROPOLOGY 


Fossil Teeth From Ethiopia Support 
Early, African Origin for Apes 


Fossils of anew species of large-bodied ape are 
giving a rare glimpse of the origins of the 
African apes. This week in Natu, a team of 
Ethiopian and Japanese researchers reports the 
discovery of nine teeth that resemble those of 
‘but that belonged to an ape 


that lived about 10 million yearsago in the Afar 
Rift of Ethiop 


newly discovered ape, called Chororupithecus 


ests that the 


abyssinicus, m 


¢ been a primitive 
gorilla or a close relative. If so, it pushes back 
the origin of gorillas fromabout 8 million years 
ago to more than 10.5 million years 
paleoanthropologist Gen Suwa of The Univer- 
sity Museum of the University of Tokyo. 

Gorilla or not, several experts 
pe ofthis n Africa strike 
hypothesis that the common ancestor of 


pee that an 
ablowata 


African apes arose in Eur rated to 
Afric 
Ala 


These, 
Walker, paleoanthropologist at P 
State University in State Collegs 
show that apes have always been in Africa 


re very important fossils,” says 


that they didn’t come from Europe and Asia, 


POSTDOCTORAL TRAINING 


NSF, NIH Emphasize the Importance of Mentoring 


Like apprentices in other fields, US. postdocs 
ed from 
their own ideas in return for the 


work for peanuts and are discoura 


chance to learn the profession, But supervi- 
sors must also hold up their end of the bargain 
by be (ors, That’s what two key 
science agencies have ren 


2 good met 


this month in policy directives that emphasize 
their role in helping postdocs grow into inde~ 
pendent researchers, 

The message is tucked into the newly 
{America COMPETES Act (Science 
ust, p. 736). It requires researchers to 


a mentoring plan in every grant appli- 
cation to the National Science Found; 
¢NSF). ItSalso contained in a statement issued 
by the National Institutes of Health (NIH) clar- 
ifying that its grantees may use some of their 
time to mentor postdoes and students. Both 
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hropologists have known for 


apes (Hominoidea) arose in 
Africa, where researchers have found diverse 
apes from 


But despite many se 


jches, almost no ape fos 
sils have been found in Africa between 12 mil- 


ago, with the notable 
exception of a 9 old upper jaw 
from Ker xd that 
apes went extinet in Africa while other apes 
flourishi 


lion and 7 million years 


Some researchers infer 


in Eurasia 10 thy 


tors of modem African apes. 

When the researchers discovered the first 
f Chororapithecus on the last day of 
their field season in February 2006, they real 
ized it came from within 
knew itwas some kind of big ape. 
t Berhane Asfaw of the Rift 
ich Service in Addis Ababa. 


he fossil 
nthropol 
Valley Res 
Returning 


» the site last March, they found 


It molars. The teeth, from at least three 
‘indistinguishable™ in size 


individuals, were 


gorillas, 


nd proportions from those 


Micro-computed tomography scans showed 


‘make it clear to universities that “postdocs are 
‘not jst to be treated like workers.” says Alyson 
Reed, executive director of the National Post- 
doctoral Association (NPA) in Washington, D.C 
Under the COMPETES Act provision, 
NSF g 
posed mei 
include “career counseling, training in prepa 
ing grant applications, 
aching skills, and train’ 
Althous! 
ready do this, says James Lightbourne 
adviser in the NSF director’ office, makin 
requirement should encourag 


¢ applicants must document pro- 


activities, which could 


dance on ways to 


research ethic: many applicants 


principal inves- 


more seriously 
¢ provision codifies and expands a pilot 
effort started last year by NSF's geosciences 
ice, L1 August 2006, p. 748). 

ants | nih.gov 


directorate (Sei 


The NIH statement 
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Being 


there 


‘Close match, Ten-million-year-oldfossit 
resemble those of modem gorillas (ight) 


eth (left 


similarities. The team proposed the ani- 
imal asan carly member of the gorilla clade, 
The detailed a 
“one of the best I've seen,” 
ry Kelley of the University 
Still, he 
say the teeth may have belo: 
dently adapted to a> 


alysis of the teeth is 


anthropologist 


of Illinois, Chie nd others 


id to apes 
that had indepe 


training/q&a.him#mentor) says that grantees 


ining students and 


can count time spent tr 


postdocs as 
the trainit 
funded. That wo 
workshops and seminars rele 
ect, says Walter Schaffer, senior scientific 
adviser for extramural research at NIH. But 
Schaffer says it would not allow Plsto dispatch 


nt-related activities provided 


s related to the research being 


ld enable postdocs to attend 


their postdocs to teach graduate students, 

The policy isa small step forward, says 
Keith Micoli, an NPA board member 
scherat the University of Alabama, E 
gham, But more steps are needed. “If post- 
cs can't do work on a project that’s not 
funded by the grant." he asks, 


how can they be 


expected to conduct preliminary expe 


ments, 
ply for their own grants?” 
~YUDHI)IT BHATIACHARJEE 


gorillalike diet, Suwa acknowledges in 


Nature that the dental evidence for a close 


relationship with gorillas is “inconclusive” 
but adds that no other livin 


or fossil apes 


this big have molars as specialized for 
shredding fibrous vegetation, 
I Chororupithecus is indeed an & 


of gorilla, it would falsify the Eura r 
hypothesis, says Walker. It would also push 
back the origin of gorillas to between 
10,5 million and 12 million years 


at least 2 million years earlier than most lange 


VIROLOGY 


nuclear DNA studies predict, says Sudhir 
Kumar, a xeneticist at Arizona 
State University in Tempe. Such a shift would 
ibrate when the 
es split to between 


evolutionary 


researchers to ree 
human and chimp tir 
7 million and 10 million years ago (up from 
5 million to 7 million), and when ora 


also force 


utans, 


pes to between 15 mil 


split from other on 


and 23 million years ago (up from 14 million). 
But a key author of the Eura 


hypothesis, paleoanthropologist David 
Begun of the University of Toronto in 


Canada, says it is to0 soon to “dismiss the 
Eu including traits linking 
Miocene apes in Europe to later African 


an evidence,” 


and also too soon to recalibr 


e the 


Regandless of whether Choronupithecus is 


true protogorilla, it finally provides some 
hard data with which to test evolutionary 
models. “It’snice indeed to have at least some- 
thing hominoid from this time and place,” 
Harvard University paleoanthropologist 
David Pilbeam. ANN GIBBONS 


China, Vietnam Grapple With ‘Rapidly Evolving’ Pig Virus 


A pig disease ravaging China now appears 
to have spilled into Vietnam, Scientists fear 
that a deadlier strain of a lon; 


porcine reproductive and respiratory syn- 
drome (PRRS), or blu 
‘on the loose. 


‘We're firly confident that there has been 
an outbreak of PRRS here,” says Andrew 
Speedy, who represents the U.N. Food and 
Agriculture Organization (FAO) in V 
An FAO mission that completed a weeklo 
visit to Viet 


im on 20 August also uncovered 


many secondary infections that increase the 
disease’s death toll, Speedy says. The team 
concluded that PRRS can likely be controlled 
on and antibiotic tre 


through vacei rent 
of secondary infections, 

PRRS was first identified 
in the United States in the 
mid-1980s, 
arterivirus was isolated in 
1991. The v 
infect humans, In pigs. it 
attacks macrophages, which 
st and remove invadi 
With a crippled 
ne response, pigs are 
susceptible to secondary 
Adults usually 
recover and develop immu- 


the causative 


bacteria. 


infections. 
nity, but the virus and second. 


ary infections can kill piglets, 
whose ears often turn blue 


from the secondary infect 
“The evolution of the virus 


is really quite startling. It is 
probably one of the most rap- 


In the pink. A veterinary wo 
‘Shandong Province. 


idly evolving viruses that I know of,” says 
Trevor Drew, h y at the Ve 
nary Labo Weybrid 
UK. He explains that, typically, a virus circu- 
ly causes seve 


itevolved and 
Aneven 


stier strain seems to be on the 
rampa killin 
piglets. This strain first appeared in the 
summer of 2006. China has reported losin 
400,000 pi 

culling in 2006 and 


in Chit well as 


sto the disease through death or 
nother 243,000 this 
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10 vaccinate pigs against PRRS in China's 


year, although some contend that official 


numbers vastly understate the losses, 


In.an analysis of viral 


mples from pigs 
n PLoS ONE on 

Gao, amicto- 
of Micro: 
described a yenetic varia- 


in China published online 
oup led by Geor 
ist who heads the Institut 


biolo, 
ti 
increased dea 


in Beiji 


that may be responsible for the virus’s 
Jliness. Drew, who finds that 


claim plausible, says that the possibility of a 


new and deadlier strai 

Media outlets, includ 
week in The 
tions that China has refused to share virus 


very worrisome. 
icle last 
New York Times, reported allega 


samples and cooperate with international 


nizations, Drew says that’s not so, point- 


to Gao’s paper and to 


China’s reporting on the out- 
break to the Paris-based World 
nisation for Animal 
alth. Guo Fusheng of FAO'S 
ays that the 
jon has not yet asked 
Ministry of Agricul- 
ture for samples or to allow an 


Beijing office 


outside team to investigate 

although it expects to make a 

formal request shortly 
Vietnam didn't wait to be 


asked. The disease was first 


reported there in March, Last 
month, the government asked 
FAO for assistance after the 
outbreaks increased in June 
and July, Samples have b 


sent to US. labs for analysis, 
~DENNIS NORMILE 
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RIVER MONITORING 


New York Research Institute 
Hopes to Go With the Flow 


An ambitious plan to monitor the entire Hud- 
son River in real time is one step closer to 
reality, thanks to a new collaboration with 
IBM announced last week. The ultimate goal 
could track the movement of 
ted sediment, for example, oF 


PCB-contamit 
warn a commercial power plant to shut its 


intake valve temporarily because of an 
approaching school of fish. “It willbe the first 
real-time, distributed river network in the 
world” says John Cronin, director ofthe non- 
profit Beacon Institute for Rivers and Estuar- 
ies in New York, 


The river network will be IBM's first 
public application of its System S, a new 
type of computer system called stream com- 
puting that can handle many types of data: 

such as video and sound—simultaneously 
With processors distributed near the sen- 
sors, the system can filter and classify the 
data in real time and autonomously decide 
whether to take more detailed or frequent 
readings at a particular site, for examph 
during Nooding. “The system will learn, 
says IBM's Harry Kolar, who says that [BM 


The River and Estuary Research platform. Sensors to monitor 
‘Observatory Network (REON) the flow of contaminants into the 
is part of a new wave of Hudson River wil be part of the 
observing networks, like the planned REON. 


even more ambitious Inte~ 
grated Ocean Observing Sys- 
tem, a federally funded pro- 
am to expand and link 
regional coastal networks 
(Science, 3 August, p. $91) 
Meanwhile, another group of 
scientists is hoping to interest 
the National Science Founda- 
tion in funding a network of 
eight to 10 research stations 
around the country that would 
study threats to water supplies 
Since 2003, the Beacon 
Institute has been coordinating 

a prototype, called Riverscope. Researchers 

& from Lamont-Doherty Earth Observatory 
8 and Rensselaer Polytechnic Institute have 
i measured temperature, salinity, and other 


variables in a few spots along the Hudson 
River, Although REON is still early in the 

§ design phase, heavyweights have already 

J) sit on. The sue of New Yok has omen 

§ ted $50 million, most of which will support a 

§ new research building. Groundbreaking is 
‘expected in 2009 at Denning’s Point near Bea- 

& con, New York, but scientists hope to begin 

& eploying new sensors this spring 

8 On 16 August, the Beacon Institute 

announced a major partnership: IBM will 

i 

: 

5 

LJ 


pick up the tab fora new computer system 


designed to analyze streams of data in real 


says ecologist Ma 
sity of Maryland Center for Environmental 
Science in Cambridys 


wwwsciencemsg.ora 


is getting a chance to test its technology. 

A second phase, at least 10 years away, 
would include permanent sensors and per- 
haps even robotic submersibles that can 
beam back data. This full system will 
require another $150 million of fundraising. 
Cronin estimates. Philip Bodgen, who 
directs the Gulf of Maine Ocean Observit 
System, says he thinks the institute has a 
ood chance of finding the money needed 
for ongoing maintenance and operations 
because the Hudson River is less challeng- 
ing logistically than the ocean and the proj- 
ect is more visible to potential donors. 

Once running, REON could be used for 
everything from studying the impact of fe 
tilizers to monitoring the quality of drink- 
ing water. “It will be a net savings to the 
state to get ahead of their environmental 
problems,” predicts Thomas Harmon, an 
environmental engineer at the University of 
California, Merced. ~ERIK STOKSTAD 


Thais Say Aye to GM? 


BANGKOK—Thailand may lift a 6-year-old 
ban on field trials of genetically modified (GM) 
‘crops, Concerned that the country's agriculture 
efforts are lagging behind those of China and 
‘other neighbors, Thailand's agriculture min. 
istry was expected this week to petition the 
country’s Cabinet, installed after a coup last 
year, to rescind a moratorium on open-air 
‘experiments. Critics of GM crops say the coun: 
try lacks adequate biosafety laws and are ug 
ing the Cabinet to stand firm, The ministry's 
top priority is a GM papaya strain resistant to a 
Fingspot virus that has decimated orchards in 
Thailand and elsewhere, -RICHARD STONE 


German Physics Faci 
Achieve Fusion 
BERLIN—Materials scientist wil have a new 
‘one-stop shop in Berlin when BESSY, an 
accelerator-driven xray source, and the Hahn: 
Meitner Insitute (HII), which boasts a reactor. 
based neutron source, merge into a single inst 
tute in 2009. Both facilities allow scientists to 
probe the atomic structure of materials, from 
protein crystals to high-tech ceramics, The 
merger, announced last week, wil produce an 
institute with 1000 employees and a yearly 
budget of $136 million, almost entirely from 
the German federal government. Thats a sig 
nificant funding boos for BESSY, which will no 
longer have to charge users for beam time. The 
fusion will produce one of the ew places in the 
‘world with expertise with both types of probes, 
says HMI Director Michael Steiner 

~GRETCHEN VOGEL 


Mmmm, Beer 
Farmers, biofuel enthusiasts, and, yes, brew- 
masters could soon get a litte enlightenment 
from German plant geneticists. Last week, the 
German government put up $8 million to 
more fully map and partially sequence the 
genome of barley, a key crop used worldwide 
in animal feed, human food, and beer. 
Funding agencies have been stow to tackle 
‘crops such as wheat and barley because of the 
daunting size oftheir genomes. At billion 
bases, barley’s genome is nearly double the size 
of the human genome. Buti is only one-third 
wheats size and lacks that genome’s multiple 
copies, soit should be easier to sequence, says 
plant geneticist Nils Stein ofthe Institute of 
Plant Genetics and Crop Plant Research in 
Gatersleben, Germany, whose team will create a 
draft sequence of 10% of the genome, Stein 
hopes the work, along with a British-led barley 
sequencing pilot, wil set te table fora large 
scale sequencing project. “ELIZABETH PENNISI 
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PSYCHOLOGY 


Out-of-Body Experiences Enter the Laboratory 


Qut-of-body experiences are 
associated more with tabloid 
newspapers, New Age Web 
sites, and large doses of hallu- 
cinogenic drugs than serious 
scientific discussion. Yet 
they're often reported by rep- 
utable people who suffer from 
migraine headaches, epilepsy, 
and other neurological con- 
ditions, Intrigued by such 
accounts, some researchers 
are trying to figure out how 
the brain creates an aspect of 
human consciousness so fun- 
damental that we take it for 
granted: the perception that 
the “self™ conforms to the 
borders of the physical body. 


tive neuroscientists inde- 
pendently report on pa, 
1048 and 1096 methods for inducing ele- 
ments of an out-of-body experience in 
healthy volunteers. Both groups used 
head-mounted video displays to give peo- 
ple a different perspective on their own 
bodies. Each team also drew upon the 
sense of touch to enhance the illusion. 
Although details of the experience dif- 
fered, the people in both experiments 
reported feelings of dissociation from 


GENETICS 


Where am I? Swiss researchers used a video camera to give people wearing display 
‘goggles the feeling they inhabited a virtual body (right) in front of their real location. 


their bodies. The researchers say their 
findings will pave the way to new brain- 
imaging studies of body perception and 
could have practical applications, such as 
helping virtual-reality programmers 
design environments that make users feel 
as if they are really there. 

“It's striking because when you hear 
about out-of-body experiences, it sounds so 
says Chris Frith, a cognitive 


neuroscientist at University 
College London who did 
not participate in the new 
research, “These studies 
show you can actually mi 
ulate it experimentally: 
illusions add to evidence that 
the brain's representation of 


leable and can be modified by 
information from the senses, 
Frith says. 

For one of the studies 
team led by Bigna Lenggen- 
hager and Olaf Blanke, both 
of the Swiss Federal Institute 
of Technology in Lausanne, 
asked people to stand in front 
of a camera while wearing 
video-display goggles. In 
‘one experiment, subjects saw 


the camera's view of their 
‘own back, computer-enhanced to create 
three-dimensional “virtual own body. 
When the subjects’ backs were stroked 
with a highlighter pen at the same time 
they saw their virtual back being stroked, 
they reported that the sensation seemed to 
be caused by the highlighter on their vir~ 
tual back, making them feel as if the virtual 
body was in fact their own body 
Moreover, when the researchers turned 


Epidemiologist Sees Flaws in Papers on Genes and Gender 


An epidemiologist who for years has eri- 
tiqued the veracity of published papers has 
now tackled hot area in genomics, sex-based 
genetic differences, He argues that most 
reported findings are poorly documented and 
that about a sixth may actually be wrong 

As researchers move beyond uncovering 
new disease genes and into the realm of 
xene-environment interactions. John loannidi, 
a clinical and molecular epidemiologist at 
the University of loannina School of Medi- 
cine in Greece, decided to follow them. He 
‘wondered especially about genetic associa- 
tions with diseases that seem to vary by gen- 
der—for example. a particular gene variant 
that confers increased risk in women but not 
in men, an effect that may be modulated by 
hormones. Hundreds of such associations 
have been reported. But when foannidis and 
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two colleagues analyzed data from 
77 papers covering everything from multi- 
ple sclerosis to lung cancer to anger, they 
found that!9 had at lea: 
judged to be “spurious.” or apparently 
incorrect. Only four papers contained nei- 
ther spurious nor insufficiently documented 
claims, says loannidis. 

He and his colleagues searched online for 
papers whose titles touted gender variation 
in gene effects, then examined each claim 
(a total of 432 sex-difference claims in the 
77 papers). To determine whether claims 
\were spurious, they considered the groups 
being compared—for example. older men 
and older women, which would be appropri- 
ate, or older men and younger women, which 
would not. They looked for evidence in the 
Paper that claims reached statistical signifi- 


cance. Those without were judged not suffi- 
ciently documented. The analysis was pub- 
lished in the 22/29 August issue of the Jour= 
nal of the American Medical Association, 

Ofthe gene-gender Findings, says Ioannidis, 
“there isa problem with just 
and believing that they're true.” 
documentation was found in on 
or 13% of the total 

The Ioannidis paper reinforces con- 
cerns about the quality of published genet 
ics results, says Neil Risch, a genetic epi- 
demiologist at the University of Califor 
nia, San Francisco, Still, he defends some 
findings in the field, such as a greater 
risk for women with an Alzheimer’s gene 
and a greater risk for males who carry a 
gene variant linked to rheumatoid arthri 
tis. The Ioannidis analysis did not pick up 


cepting them 


Proper 
claims, 
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off the video display, guided the subjects 
back a few steps, and then asked them to 
blindly return to their former position, sub- 
jects overshot the spot where they'd actu- 
ally been standing and walked to a point 
closer to the apparent location of their vir- 
tual body. 

Adopting a similar strategy to attempt to 
induce out-of-body experiences, Henrik 
Ehrsson of the Karolinska Institute in 
Stockholm, Sweden, asked men and women 
to sitina chair and don a video headset con- 
nected to two cameras that provided a 
stereoscopic view of their backs. As a sub- 
ject viewed his or her own back from 
behind, Ehrsson used two plastic rods to 
simultaneously stroke the subject's chest 
1d a location behind the subject's back. 
Although people felt the rubbing on their 
chest, in the headset they could only see 
Ehrsson’s arm moving behind their back, 
reinforcing the sense that they were sitting 
ata location behind their actual body. The 
experience often elicited surprised giggles, 
says Ehrsson, who has tried it out himself, 
“You really feel that you are sitting in a dif- 
ferent place in the room and you're looking 
at this thing in front of you that looks like 
yourself and you know it’s yourself but it 
doesn’t feel like yourself." he says. “It’s 
almost like you're looking at a dummy.” 
Nearly all subjects reported similar impres- 
sions on a questionnaire, 

Ehrsson also repeated the illusion with 
electrodes attached to each person's fingers 
to measure skin conductance, a physiologi 


these papers in its literature search because 
it netted only those with “polymorphism” 
and either “sex” or “gender” in the title 
Some scientists whose papers Toannidis 
hs critiqued agree that i's difficult to know 


“There is a problem with 

just accepting [the claims] 

and believing that they're true 
—John loannidis, 
University of loannina 


whether a finding will hold until it’s been 
replicated. “Admittedly, the strength of an 
observation such as ours lies not only with 
the experimental design, but with the ability 
of other investigators to reproduce the obser- 
E vation,” wrote Judith Miller, a kidney disease 
§ specialist at the University of Toronto, 
8 Canada, in an e-mail. David Christian 
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cal measure of emotional arousal. Then he 
swung a hammer in front of the cameras so 
that it appeared to hit the region where 
people perceived themselves to be. The 
hammer posed no physical danger, but 
changes in skin conductance indicated that 
subjects registered a threat (they also 
reported feeling anxious). By showing that 
people respond emotionally as if they were 
located at a position behind their physical 
body, the findings provide additional evi- 
dence that the subjects buy into the illu- 
sion, Ehrsson says. 

Both experiments show that visual per- 
spective and coordination between the 
senses of vision and touch are important for 
the sensation of being within the body, says 
Peter Brugger, a neuroscientist at Unive 
Hospital Ziirich in Switzerland. Yet neither 
study replicated the full-blown out-of-body 
experiences in which people report “an 
enormously compelling sensation of separa- 
tion from the body.” he notes. Even so, 
Brugger says, these illusions may be asclose 
asit is possible to get in the lab, 

Previous research has pointed to several 
brain regions, including the intersection of 
the temporal and parietal lobes, that may be 
involved in producing out-of-body exper 
ences in neurological patients, Blanke siys, 
The new illusions can be used to exam 


which of these brain regions contribute to 
which aspects of these strange experiences, 
and that in turn, says Blanke, could lead toa 
better understanding of how the brain gen- 
erates a concept of self. 


~GREG MILLER 


chool of 
Public Health in Boston, agreed inan e-mail 
that his 2004 study in Chest on acute respira- 
tory distress syndrome had limited statisti- 
cal power but added that this was noted in 
the paper. 

Joannidis, however, thinks that researchers 

need to doa much better job of stating the lim- 
its of their findings. “The papers should have 
been published” he says, noting that “nothing 
is perfect.” But “better transparency” is 
sorely needed. 
People make claims from their data that 
just are not there.” agrees Kathleen 
Merikangas of the National Institute of 
Mental Health in Bethesda, Maryland. Con- 
tributing to the problem, she says, is that 
‘many studies that fail to replicate a genetic 
finding are never published because they're 
“not new and exciting, or the scientists 
themselves don’t find that it’s going to 
advance their career.” 


JENNIFER COUZIN 
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Time Out for Institute Leader 


‘Alarge number of scientists at the National 
Institute of Environmental Health Sciences 
(NIEHS) have turned against their embattled 
itector. Of 146 staff scientists who responded 
toa survey by NIEHS's Assembly of Scientists, 
107 said they did not have confidence in 
David Schwartz's leadership. This week, 
Schwartz (below) stepped down temporarily 
25 the National Institutes of Health (NIH) 
launched a sweeping management review of 
the $642-million-a-year institute in Research 
Triangle Park, North Carolina, NIH Director 
Elias Zerhouni said 
that the review is in 
response to congres 
sional inquiries, 
which have included 
Schwartz's manage 
‘ment of his personal 
lab, his consulting 
for law firms, and his 
handling of NIEHS's \ 

journal (Science, 

6 uly, p.26). 

‘Senator Charles Grassley (R-1A) wrote 
Zethouni this week to ask why some NIEHS 
‘employees had recently been given a form for 
logging calls received from congressional 
investigators. The form could intimidate 
potential whistleblowers, which would be “not 
‘only wrong but also illegal,” Grassley says. 

“JOCELYN KAISER 


U.S. Targets Add-On Patents 


Inan effort to streamline its operations, the 
U.S. Patent and Trademark office is clamping 
down on how often applicants can tweak their 
inventions. Last year, 30% of all patent filings 
‘were continuations, in which inventors add 
details to a pending application, So this week, 
after 18 months of wrangling with the com 
munity, the office decided to limit such filings 
to two per patent, with petitions required for 
further continuations. 

Biotech companies oppose the new limits, 
which they believe will deprive the patent 
office of information that could strengthen 
applications, including results from ongoing 
‘work. But lawyer Peter Zura of Bell, Boyd & 
Uoyd LLP in Chicago, Ilinos, thinks the 
changes are not an “end-of-the-world thing” 
because firms that write biotech patent 
applications, including his own, will devise 
ways to protect their proposed inventions, 
such as more rigorously constructing original 
applications. But “it's definitely going to 
make life more difficult,” he says 
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frighteningly versatile bacterium 
that causes it are drawing 
attention as a bioterror threat 


UBON RATCHATHANI, THAILAND—A Th 
‘man with lank black hair and grizzled stub- 
ble lolls on a cot parked in a hallway outside 
a crowded ward, The 61-year-old farmer 
answers tersely as a senior physician, 
Wipada Chaowagul, quizzes him, When the 
‘man was admitted on 9 May with sepsis and 
aan abscess in his chest wall, Wipada fin- 
gered an old nemesis: melioidosis. But 
although nearly nine out of 10 melioidosis 
patients in Thailand with septic shock die, 
somehow the farmer beat the odds. After 
spending 2 months in Sappasithiprasong 
Hospital here in northeastern Thailand. the 
taciturn man with watery eyes is almost well 
enough to zo home. 

Wipaida can’t explain how the farmer, who 
sulfers from kidney disease, managed to fend 
off'a bacterium, Burkholderia pseudomallei, 
that in its fiercest incarnation kills 
mostofits vietims, Indeed. there is 
no shortage of scientific puzzles 
surrounding melioidosis. Over 
the 2 decades that Wipada has 
studied the once-obscure malady, 
more and more experts have 
become intrigued by the ability of 
B. pseudomallei to alter its form 
and survive in environments as 
disparate as soil, distilled water, 
and the human bod) 

“There's something incredibly 
interesting and important going 
on with pseudomall 
nobody knows wh 


University of Washington, Seattle, 
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Melioidosis is largely confined to 
Southeast Asia and northern Australia 
and, fortunately for the rest of the world, 
researchers don’t anticipate the shape~ 
shifting bug breaking out of its ecological 
¢ anytime soon, But its characteristics 
ake it an insidious threat as a bioweapon. 
The bacteria can hide in the body for 
decades. Once the time bomb detonates, a 
constellation of symptoms allows melioi- 
dosis to masquerade as other ailments. 
Although many patients are rushed to the 
hospital with acute disease, others have 
symptoms more akin to tuberculosis or can- 
cer, says Sharon Peacock of the Mahidol- 
Oxford Tropical Medicine Research Unit 
(MORU) in Bangkok. Misdiagnosis can 
prove fatal: B. pseudomallei is impervious 
toall but a few antibiotic: 


LertSin exposure, 
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I's not as seary as anthrax or small- 
pox,” says Peacock, who has spent 20 y 
‘on the trail of melioidosis. "But it stil has 
a significant terror factor, Once soil is con- 
taminated, B. pseudomalle’ is very hard to 
get rid of” 

Scientists know they are up against a 
worthy foe. “Viruses are very smart, Bac 
re normally not so smart, pseudomallei 
acts like a virus” in its deviousness, says 
Surasakdi Wongratanacheewin, director of 
the Melioidosis Research Center at Thai- 
land's Khon Kaen University. Hoping to 
strengthen their defenses, researchers 
launched a drug trial this month at Sappa- 
sithiprasong. And a pilot experiment 
under way in Ubon Ratchathani to take the 
battle to B. pseudomallei’s home turf: Thi 
land's ubiquitous rice paddies. 


‘The Great Mimicker 
Melioidosis was first described 
from opium addicts in Burma 
in 1911, and in 1947, two 
involving POWs held 
were reported in the British 
Medical Journal. It wasn't until 
the Vietnam War, however, when 
US. soldiers came home with the 
disease. that melioidosis attracted 
tion in the West. 
first Thai case was reported in 

"No one had ever seen this 
before,” says tropical medicine 
specialist Sompone Punyagupta, 
former president of Vicha 
Hospital in Bangkok. In the 1960s, 
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Grim prognosis. Burkholderia pseudomallei 
colonies in a blood agar dish. 


scientists isolated B. pseudomallei from soil 
throughout Thailand and determined that 
about a third of Thai soldiers sampled had 
antibodies to it. But with no further confirmed 
cases among the Thai population, Sompone 
says, researchers “concluded that it was nota 


That assessment changed in 1973, when 
‘Sompone took overa tropical medicine unit at 
Ramathibodi Hospital in Bangkok and real- 
ized that untold numbers of melioidosis cases 
were being overlooked or misdiagnosed as 
TB or other ailments. He dubbed the disease 
ireat Mimicker,” The bacterium eluded 
on in part because it grows slowly in 
culture. Back then, dishes were typically dis- 
carded after 3 days, says Sompone, because 
other pathogens of interest form colonies 
within hours of inoculation. After giving 
B. pseudomallei colonies moretimete form, he 
says,“we began to see more and more cases.” 

Since then, scientists have sketched a 
picture of a malady most perplexing. It’s 
unknown whether B, pseudomallei lives 
freely in soil, in association with rhizomes 
that stud mots, orin a host like an amoeba. “It 
infects humans by accident" says Peacock. In 
northeast Thailand, nearly everyone has been 
exposed by age 4, although about 30% of 
the population shows no antibody response, 
Peacock says. Researchers suspect that 
B. pseudomallei entersthe body through cuts 
or abrasions, or through the lungs. In Ubon: 
Ratchathani province, the incidence fell 
3 years ago when boots were handed out to 
curb leptospirosis, a waterborne disease, 
says Direk Limmathurotsakul, who runs 
MORU’s Lab Melioid at Sappasithiprasong 
Hospital. But the farmers didn’t like wearing 
boots, and ease numbers shot back up (see 
gniph, p. 1024). “The incidence looks quite 
bad this year” says Surasakdi. 

‘Once the bacterium enters its human host, 
illness can set in within hours. “Many 
patients deteriorate very fast,” says weneticist 
i Sirirurg Songsivilai, assistant president of 
| Thailand's National Science and Technology 
i 


Development Agency. In other people, the 
bacterium lays low for years. Two years ayo, 
researchers reported the curious case of an 
82-year-old USS. veteran held as a Japanese 
POW in Indochina during World War I. In 
2004, he developed an infected ulcer on his 
right hand. Lab tests confirmed melioido- 
sis—a whopping 62 years after his presumed 

& exposure to B. pseudomallei (Journal of 

2 Clinical Microbiology, February 2005, p.970). 

§ Although no one knows for sure where the 
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microbe lurks in asymptomatic people, likely 
hideouts include the Iymph nodes, reticular 
epithelial cells, the spleen, and bone marrow. 
“We don’t understand how the body tolerates 
it so long.” says Peacock. Antibodies don’t 
seem to confer protection. 

In more than half the known cases, a 
chronic illness such as diabetes or kidney dis- 
case is the spark that ignites a latent infection 
or allows infection from a fresh exposure. In 
Thailand, about 75% of eases occur during the 
rainy summer, when farmers slog barefoot in 
paddies, planting rice. Person-to-person trans- 
mission is rare, and relapses are common. 
“Patients need to be followed up forthe rest of 
their lives,” says Sirinurg. 

Although melioidosis cases pop up spo- 
radically around the world (see map), only 
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bacterium can survive in sterile conditions 
without sustenance, Fourteen years later, 10 
the astonishment of Lek and her colleagues, 
the bacteria are sill alive. 

Scientists are striving to unravel the 
genetic machinery that underlies B. pseudo- 
‘mallei’s exceptional hardiness and viru- 
lence. Its penchant for morphing—a phe- 
nomenon called phenotype switching- 
appears to be central to its versatility. “There 
is unbelievable variability in how it presen 
itself, It's like a population of several differ- 
ent organisms,” says Manoil. MORU 
researchers have identified seven morpho- 
types, each with a distinct gene-expression 
pattern. Type | is most ofien cultivated from 
people and soil, “If you cause it to switch to 
another morphotype by starving it, for 


Globe-girdlting threat. Although melioidosis is endemic to parts of Southeast Asia and northern Australia, 


cases have occurred on all continents except Antarctic 


northern Australia rivals Thailand in preva- 
ence. The subtropical climate is similar to 
Thailand's, and in both places the typical 
patient is someone exposed regularly to soil, 
But Australian patients, who are treated in 
intensive-care wards, are much more likely to 
survive than Thai patients, who are usually 
treated in ordinary wards. 


An emerging threat 

MORU microbiologist Vanaporn “Lek” 
Wuthickanun knows better than most experts 
‘what metioidosis means to victims and to cli- 
nicians. “My heart sinks when I open an incu- 
bator and see a pseudomallei culture. 1 wonder 
ifthe patient is still alive.” says Lek, who, with 
MORU colleagues, has developed immuno- 
fluorescence microscopy as an additional tool 
forrapid diagnosis. The more B. psetatomallei 
colonies that sprout froma single sample, the 
grimmer the prognosis. 

‘At MORU’s main lab at Mahidol Univer- 
sity in Bangkok, Lek is running a simple 
experiment with chilling implications. In 
1993, she put some B. pseudomallei cells in 
double-distilled water to see how long the 


‘example, a whole battery of things switches, 
‘on or off." Peacock says. 

Three years ago, Matthew Holden. 
pathogen genome analyst at the Welleome 
Trust Sanger Institute in Hinxton, U.K., and 
47 colleagues published B. pseudomallei’s 
genome (Proceedings of the National 
Academy of Sciences, 28 September 2004, 
p. 14240). It weighs in at a hefty 7.25 million 
base pairs on two chromosomes (most bacte- 
ria have one), and its chromosomes are dotted 
With “genomic islands” harboring genes 
acquired from other organisms. “Much of the 
genome is devoted to functions that equip it to 
survive and thrive in the environment” says 
Holden. That includes “a well-stocked arsenal 
of virulence factors,” he says. 

Like salmonella and shigella, the bacterium 
‘appears to use a molecular syringe to invade 
host cells. Other elements of its repertory 
remain shadowy. “The virulence mechanisms 
of this bug are virgin territory.” says Manoil, 
\who is working with Sirirang at Sitiraj Hospi 
in Bangkok to probe the relation between 
B. pseudomallei’s morphotypes and virulence. 
Genetic differences between sirains will shed. 
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light on variations in virulence and on the bac- 
terium’s enigmatic origins, predicts Bart 
Currie, head of the melioidosis research pro- 
gramat the Menzies School of Health Research 
in Darwin, Australia, Also intriguing are the 
mutational hot spots, called short sequence 
repeats, that are found in two-thirdsofits genes. 
“When I first heard about this, I was stunned” 
says Manoil. The bottom line, Holden says, is 
that B, pseudomalle’ is “adept at adapting.” 

A gnawing fear is that terrorists may 
exploit this resourceful bug. Unsettlingly, one 
of the few biowarfare agents ever deployed is 
acousin of B, pseudomallei’s, B. mallei, whick 
causes glanders, a disease that primarily 
affects horses but ean also eause an illness in 
people that’s similar to melioidosis, The bac- 
terium, unleashed on Allied forces in World 
War I, evolved from B. pseudomallei. 

Melioidosis is more sinister than glanders, 
“I's different trom most other potential 
bioweapons in that melioidosis is actually an 
important human disease,” Manoil says, 
There is no vaccine, And because it takes 
months on antibiotics to eradicate the bac- 
terium from the body, treating many patients 
inan emergency “would be extremely expen- 
sive, difficult to manage, and pose an enor- 
mous burden,” says Herbert Schweizer, a 
microbiologist at Colorado State University in 
Fort Collins who will speak at a biothreat 
yymposium at the Sth World Melioidosis 
Congress in November in Khon Kaen. 

Preparedness against melioidosis is sorely 
lacking in countries where the disease is not 
endemic, Schweizer says. Butitsability totaint 
food! or water has led the US. Department of 
Homeland Security and two other agencies to 
designate “determining the growth and sur- 
vival characteristies” of B. pseudomallei in 
foods as a research priority. 


At ground zero 
Every Tuesday in Ubon Ratchathani, Wipada, 
irector of Sappasithiprasong Hospital, 
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runs a melioidosis clinic for survivors. 
Relapses can occur years after an initial bout. 
‘Suwan Baoyai, a 36-year-old diabetic, came 
in last December with a fever and abscesses in 
her spleen and right armpit. “I feel strong 
enough to work in the rice field now,” she 
sys. After 7 months of antibiotics, however, 
the mass in her armpit has not disappeared. 

A short walk away, a technician at 


documented more than 3000 cases since 
1986, with northeast 
Thailand having the 
highest incidence in 
the world. Thanks to 
its location at the 
disease’s epicenter, 
the laboratory also 
has been at the fore~ 
front of drug testing. 
In a clinical tri 
in the late 1980s, 
researchers found 
that the antibiotic 
azidime nearly 
halved the death rate, bringing overall mor- 
tality down from 90% to $0%. (In Thailand, 
the death rate of septic shock patients 
remains stubbornly around 90° 

Earlier thismonth, Lab Melioid launched a 
trial piting ceftazidime against the antibiotic 
of choice for treating septic melioidosis in 
Australia, meropenem. Scientists expect to 
enroll more than $00 patients over 3 years. 
Another team is testing whether granulocyte 
colony-stimulating factor. a cytokine that 
boosts neutrophil counts, can help save 
patients with sepsis. 

One counterintuitive treatment strategy 
might be to block a Toll-like receptor (TLR), 
an immune system protein, that recognizes 
B. pseudomallei but appears to interfere 
with other components of the immune 
response. A team led by Joost Wiersinga of 


‘Ubon Ratchathani region, 


Pleiades of death. 
Type 1 is the most 
commonly isolated 
morphotype of B. 
pseudomalle’’s seven 
‘known incarnations. 


Unhealthy trend, Melioidosis cases are rising in the 


the Academic Medical Center in Amster- 
dam, the Netherlands, infected two strains of 
knockout mice: one deprived of TLR-2. 
which detects Gram-positive bacteria, the 
other lacking TLR-4, which detects Gram- 
negative bacteria, Although B. pseudomallei 
is Gram-negative, it has a sugar on its cell 
‘wall that interacts with TLR-2, The TLR-4 
knockouts were as likely as normal mice to 
succumb to melioidosis, whereas TLR-2 
knockouts, surprisingly, had a big survival 
advantage, the researchers reported last month 

in PLoS Medic 


Wiersinga says. The 
next step, he says, is 
to test Whether com- 
pounds that muzzle 
TLR-2 redui 
severity of melioido- 
sisin mice, 

A vac 


mean- 


Peacock says. Because the presence 
bodies does not appear to be protective, she 
says, a vaccine must also stimulate the cellular 
immune response. A few groups are scouring 
B. peudomaille’’s virulence factors for vaccine 
‘candidates, But “there's stil a long way to go." 
Surasakdi cautions, 

A different strategy i to unleash competi 
microbes that knock down B. pseudomallei soil 
‘concentrations to levels that cause few or no 
infections. (A high density is correlated with a 
high infection rate.) At MORU, Lek added 
fective Microorganisms—a commercially 
available biofertlizer loaded with beneficial 
bacteria—to soil that had been sterilized and 
seeded with B. pseudomallei. The biotenilizer 
suppressed B. pseudomallei. 

Now Lek is trying this out on arice fieldon 
the outskins of Ubon Ratchathani. A 10-year- 
‘old boy, under the watchful eyes of his proud 
father. is using a motorized plow to prepare a 
paddy for transplantation while his younger 
brother, also barefoot, stands idly in the mid- 
dle of the paddy. The boys are up to th 
ankles in mud that is almost certainly teemit 
with B. pseudomallei. 

Earlier this summer, Lek added Effective 
Microorganisms to a nearby paddy and left 
another paddy untouched, Over the coming 
months, she will compare how B. psetidomallel 
fares in the two plots. “It’s too early to say any- 
thing” Lek says. But for millions of people at 


a 
i 
i 
i 
: 


risk of falling prey tothe Great Mimicker, even & 


along shot is one worth taking. 
RICHARD STONE 


Objects at risk. Poorly curat 
artifact 


ARCHAEOLOGY 


Curation in Crisis 


As the ranks of excavated artifacts grow, museums are running out of space—and 


money—to care for them all 


In the storage area at the MeClung Museum 
at the University of Tennessee, Knoxville 
row upon row of boxes are stuffed with 


brown paper bags, which are in turn filled 


with hundreds of thousands of artifacts 
ing from 10,000 to 200 years old. The arti 


facts, ineludin, 


stone tools, pottery 


med the Tennessee 


‘owheads, were excavated during 
1960s and 1970s when the Tennessee V; 
Authority (TVA) d 
River and its tributaries, floodin 
logi 


al sites along the banks. 

Researchers visit the collections about 
10 times but museum curator Lynne 
Sullivan, like many of her counterparts 
elsewhere, faces a tough job caring for 
them, Some of the bags have split, spilling 
their contents into the boxes. And the arti 
ion 


facts’ provenance inform: where 


they came from, which is vital to their 
research value—is written on the bag 
TVA is required by law to care for the arti- 
facts, which belong to the federal govern- 
‘ment, but the strapped ay 
0 the University of Tennessee 
has stepped up to provide space and 
staffing, but it can't afford to rehabilitate 
the collections, 

The result: a curatorial erisis. 


the money. 


“We don't 
ping on in 
hat some 


even know at some level what 
.* Sullivan says, add 


of the metal ts—axes, knives, 


id hoes. 


are rust 
n isn’t alone in her plight. Many 


collections in other repositories are 


“much worse shape,” she says. Indeed. says 
Dean Snow, president of the Society for 
American Archaeol 


problem is 


the curation 


s.” The 
felt not only by 
12 Museum collections but 
ists in the field, who 


{ erisis proporti¢ 
effects are bei 


rehacold 


worry about where to store the artifacts 
nd whether they should 
“I think it’s the end of the 
days of endless archaeology.” says archae- 
ologist Teresita Majewski of Sta 
Research Inc... cultural resource manag 
ent firm in Tucson, Arizona, 

The curatorial problem hi 


recover any at 


stic 


ing for decades. In 2000, a report on the 
U.S. Army Corps of E 


gineers’ collec- 


tions—millions of artifacts occupyin 

nearly $0,000 cubic feet of space that could 
concluded th: 
of cases, artifacts had been 


fill adozen tractor-trailers 
in about 75" 
stored in improper conditions and were 
about 10% needed 
If not properly cared. 
the report concluded, “many 
al and 
st and for- 


quietly disimegratir 


immediate attention. 
for soon, 
[artifacts] will lose their educatio 


research value.” As archaeolog 
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of St. Mary's Col- 
n St. Mary’s City 
od curation is essential 


mer curator Julia Kil 
lege of Maryland 
explains, 


because it is not the objects alone but “the 
relationships between the artifacts that are 
sy? 


the critical contribution of archacolog 
Curat 
includes projectile points and stone tools 


g the corps* collection, which 


from some of the New World’s earliest 
inhabitants, would cost an estimated 
$20 million, officials est 

In December 2005, Herita 


Preservation, a nonprofit organiza 
tion in Washington, D.C,, made the 
first comprehensive survey of US. 


collections held in the public trust 
They found that roughly 20% of 


archaeological collections need better 


care and that more than 40% of bulk 
cataloged archaeological collections 
have an unknown status, meaning that 


they hadn't recently been inspected by 


archaeological stafl 
Lack of space is a critical problem. 
Federal and state laws often require archaeo: 


Jogical surveys before construction work, so 


collections swell wherever development is 
rapid. A repository at the University of Cali- 
fornia, Los Angeles’ Fowler Museum is 
almost full, says curator Wendy Giddens 
Teeter. In Arizona, the f 
in the country, archaeologists are doing more 
than twice as much work as they did several 
s Majewski, The governor 
recently appointed 
the curation problem, 


test growing state 


commission to study 


and the resultin 


report predicted that Arizona's principal 
repositories will be full in $ to 10 years: the 
4 State 


n Tucson, is now storing some 


state's main repository, Arizoi 
Museum 


items offsite 


thinking 
For decades 


As a result, archaeologists a 
harder about what they collect. 


collecting every- 
* says S. Terry 
st with the National 
‘on, D.C, Now 
representative 
They are 


and decades, people we 
thi 


and keeping it 
Childs, an archacolog 
Park Service in Washin 
archa 


ologists try to choose 


sample of artifacts, she says 
thinking about “What do I keep?" ” Those 
decisions must be made in the field, and they 
are asy, says King, She mentions 
a dig in Maryland in which one of her col- 
2es, working pro bono, left the artifacts 
in the ground instead of cleaning and analyz- 
hem. He identified them—and the 
as 20th cen- 
tury; later, more detailed excavation showed 
that it was 19th century 


always 


ing 
house he was trying to date 


One extreme solution is the use of no- 
collection surveys, says Childs, in which 
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researchers simply record artifacts” loca~ 
tion on the surface and leave them there. 
‘This is just horrible.” she says, adding that 
necdotal reports suggest such surveys are 
oon the rise. Omitting actual artifacts risks 
the discipline’ integ rees Christopher 
Pulliam of the Army Corps of Engineers. 
‘Archaeology professes to be a scienc 
he says. “If one can’t replicate research 
results of reanalyze the materials from a 
site, then [archaeology] can’t proclaim to 
bea science.” 

Another solution is to remove redundant 
items or those with little research value. 
called deaccessioning. For example, until a 
ago, the San Diego Archaeologi- 
ter in California housed 30 boxes of 
30-year-old, decomposing soil samples 
owned by the Department of Defense. 
Given their minimal research value, center 
director Cindy Stankowski kept representa 
tive samples of various soil types and threw 
the rest. 

But artifacts uninteresting to some are 
able to others. Back in the 1990s, King 
directed the excavation of the 17th cen- 


val 


e 


lury home of Charles Calvert, governor of 


Maryland, and found many brick frag- 


EDUCATION 


Who Ranks the 


Ready for a rescue. Curators took over this collection, 
and now keep it in high-quality storage. 


ments. Bricks were considered expendable 
and most were discarded, but 
some revealed the earliest evidenc 
orative technique used in the Che: 
Bay region. 

The federal government is drafting new 
rules to guide deaccessioning some of 
their hundreds of millions of artifaets; the 
Department of the Interior alone is respon- 
sible for 0 million artifacts, The govern- 
ment tried to implement deaccessioning 
regulations in 1991 but backed off after 
ferocious opposition from archaeologists, 


peake 


University Rankers? 


Everyone would like to score well in an academic beauty contest. But is it really 


possible to assess an institution's worth? 


Who gets to take credit for Albert Einstein's 
Nobel Prize? The question seems absurd, but 
it’s important for the reputations of two 
Betlin universities, The reason: Even Nobels 
bagwed 90 years ago are counted in the 
“Shanghai ranking,” an influential list of the 
world’s $00 best universities. Both Free Uni- 
versity (FU), founded in West Berlin in 
1948, and Humboldt University (HU), on 
the other side of the former Wall, claim to be 
the heirs of the University of Berlin, the & 
while home of Albert Einstein and many 
other Nobelists 

The resulting tug of war has had bizarre 
results, When the team at Shanghai Jiao Tong 
University produced its first ranking in 2003, 
itassigned the prewar Nobels to FU, helping 
it earn a respectable 95th place. Swayed by 
protests from the other side of town, the team 
assigned them to HU in 2004, propelling it 
to 95th rank and dropping FU by more than 
100 places. After FU in turn cried foul—and 
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many e-mails between Germany and China 
later—the team simply took both universities 
‘out of the race. Both are still missing in the 
2007 edition, published 3 weeks ago. 

The controversy is just one among many 
in the booming business of university rank- 
ings. Invented by the magazine U.S. News & 
World Report in 983asa way to boost sales, 
these academic beauty contests—called 
league tables” in the UK.—now exist at the 
tional level in a dozen countries: there are 
a handful of European and global lists as 
well. Almost all have come under fire from 
universities, scientists, and, in some cases, 
fellow rankers. 

This year, for instance, presidents of 
more than 60 liberal arts colleges refused 
to participate in a key component of the 
US. News & World Report rankings, pub- 
lished last week. The rankings, they wrote, 
“imply a false precision and authority” and 
say nothing or very little about whether 


who said that even artifacts of no research 
value now might yield important informa- 
tion when examined with future technolo- 
sigs. But Childs, who chairs the working 
group drafting the guidelines, says the cur- 
rent effort is likely to be more successful. 
The guidelines are expected to be made 
available for public comment in the next 6 
months or so. 

Despite the gloomy outlook, 
archaeologists see signs of progress, as insti- 
tutions such as the National Endowment for 
the Humanities and Save America’s Tr 
sures, both in Washington, D.C., recog 
the value of certain archaeological collec 
tions and pay to restore them. But there's 
much to do, “The problem with collections 
is that they're not considered sexy,” says 
Childs. She and others note that many more 
Ph.D.s are awarded for field-based than 
collections-based research, and that few uni- 
versities offerclasses in collections manage 
ment. She and her collections-minded col 
leagues hope to change that. The future of 
archaeology.” says Childs, “is in excavating 
the collections.” 


‘MICHAEL BAWAYA 
‘Michael Bawaya is the editor of American Archaeology. 


students are actually learning at particul 
colleges or universities” Last year, 26 Ca 
dian universities revolted against a similar 
exercise by Maclean's magazine, 

The critics take aim not only at the rank 
ings’ methodology but also at their undue 
influence. For instance, some U.K. employers 
use them in hiring decisions, says Ellen 
Hazelkorn of the Dublin Institute of Technol- 
‘ogy, adding that funding organizations, phi 
anthropists, and governments are paying 
increasing attention as well. France’s poor 
showing in the Shanghai rankings—it had 
only two universities in the first top 100. 
helped trigger a national debate about higher 
‘education that resulted in a new law, passed 
last month, giving universities more freedom. 


‘Measuring up 

So how do you measure academic exeel- 

ence? Most rankings start by collecting 
that are believed 


data about each universi 
to be indicators of quality 


indicators are added up to a total score that 
determines a university's rank, But there are 
vast differences in the number and the 
nature of the indicators, as well as the way 
the data are obtained. 
fonal univers 


y rankings cater prima- 


rily to aspiring students about to choose 


ncemag.org 
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where to study, which is why they focus on 
education. In the U.S. News & World Report 
ranking of “national universities,” for 
instance (there are separate lists for many 
other types of institutions and programs), 
student retention rates count for 20%, the 
average amount spent on each student for 
10%, and alumni donations, believed to 
reflect student satisfaction, for 5% (see 
graph), The University Guide published by 
the Guardian newspaper in the U.K. has a 
formula with some of the same indicators, but 
alsoa 17% weight on graduates’ job prospects 
‘Most international rankings, meanwhile, 
put a heavy emphasis on research output. 
‘That's in part because they are aimed more at 
policymakers but also because education sys 
temsand cultural contexts are so vastly differ- 
ent from country to country that solid and 
meaningful data are hard to come by. Average 
spending per student, for instance, doesn’t 
tell you much if you compare China with 
Germany, Nonetheless, the Times Hig 
Education Supplement (THES) ties to cap- 
ture education with a few very simple indica- 
tors that it believes to be universally valid: the 
stafY/student ratio and the percentages of stu- 
dents and staff from overseas, regarded as a 
measure ofa school's intemational cachet. 
Ranking education poses another prob- 
Jem: Many rankings rely on universities 
themselves to provide key data, “which is 
always a deal with the devil,” says Alex 
Usher of the Educational Policy Institute 
Canada in Toronto, who studies rankings. 
There are documented cases of universities 
cheating in the U.S. News rankings, for 
instance, and although U.S. News cross- 
cheeks the data with other sources, there are 
hays way’ to manipulate them, For exam- 
ple, colleges are known to encourage appli- 
ations just so they can reject more students, 
thus boosting their score on the “student 


i 
i 
i 
i 
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Even more controversial are peer-review 
surveys, in which academic experts judze 
institutions, THES, for instance, assigns a 
‘whopping 40% to the opinions of more than 
3700 academics from around the globe, 
\Whereas the judgment of recruiters at inter- 
national companies is worth another 10%. But 
when researchers from the Centre for Science 
and Technology Studies (CWTS) at Leiden 
University in the Netherlands compared the 
reviewers’ judgments with their own anal 


based on counting citations, an accepted 


sure of scientific impact—they found 
no correlation whatsoever. “The result is suf 
ficient to seriously doubt the value of the 
THES ranking study.” CWTS Director 
Anthony van Raan wrote ina 2005 paper. 


www sciencemag.or 


The discrepancy might explain why 
the delight of Australian academics and 
newspapers—six universities from Australia 
ended up in the THES top $0 in 2004, wrote 
Van Ran, who suspected “strong geographi- 
cal biases” in the review. Martin Ince, a con- 
tributing editor who manages the THES rank- 
ing, says that the survey has gotten better 
since 2004 and has a good geographical bal- 
ance. He believes Australia’s strong showing 
may have been the result of aggressive mar- 
keting of its universities in Asia. But he con- 
cedes that reputation surveys may favor “big 
and old universities” 

Peer review is also a major bone of con- 
tention in the U.S. News rankin zeta 
list of several hundred institutions, and we're 
simply asked to rank them on ascale of 1105, 
That's preposterous.” says Patricia McGuire, 
president of Trinity University in Washing- 
ton, D.C. and one of those who boycotted the 


‘Shanghai Jiao Tong University 


“or national univerties| 
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reputation survey this year. The ranking can’t 
value what her school exce 
viding a degree to mostly minority 
from low-income backgrounds, 

US. News editor Brian Kelly dismisses 
the boycott’s significance, The ranking has 
always had its detractors, he says, but more 
than half of university officials still fill out 
the questionnaire. And the magazine could 
always find other people to review schools, 


Shanghai surprise 

The Shanghai ranking avoids all of these 
problems by eschewing university-provided 
data and expert reviews, Instead, it uses only 
publicly available data, such as the number of 
publications in Nature and Seience, the num- 
berof Nobel Prizesand Fields Medals won b 
alumni and staff, and the number of highly 
cited researchers. The result isa list based 
almost exclusively on research, Nian Cai Liu, 


Times Higher Education Supplement 


Review by 
‘graduate recruiters 
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who heads the Institute of Higher Education 
at Shanghai Jiao Tong University, started the 
ranking 5 years ago because he wanted to 
know how Chinese universities were placed 
in the global pecking order. When colleagues 
started asking for the data, Liu put them on a 
no-frills Web site, which now gets thousands 


of visits a day. 

But as the Berlin quarrel shows, the rank- 
ing has its own problems. For example, 
Shanghai eredits the institu- 


US. News of changing its method precisely 
to shake up the tables and thus boost sales, a 
change the magazine rejects. 

In part to boost their credibility, the 
rankers have founded the International Rank- 
ings Expert Group (IREG), which in 2006 
came up with a set of ranking guidelines. 
Called the Berlin Principles, they stress fac- 
tors such as the importance of transparency, 
picking relevant indicators, and using veri- 


presents them as not one but four tables. 
Each uses a different variable; the yellow 
ranking, for instance, looks at the total num- 
ber of papers produced, whereas the green 
ranking (billed as the “erown indicator") is 
based on papers” impact, adjusted so that it 
doesn’t reward bigger institutions or th 
working in fields in which scientists cite 
each other more often, The results aren't as 
simple as a single list, Moed concedes, but 

they do provide a more com- 


vhare. the Shanghai Jiao Times Higher ss 
tion where the Nobelist Counts " , plete picture, 
worked at the time of the Y __Yong University Secetion SOPene Others are going further. 
award, And that can make a The Centre for Higher Educa- 
difference. Andrew Fits Soe T TE EBOOe ioe Development (CHE) 
2006 Nobel in physiology or Giitersloh assesses German 
medicine helped his current vx. vuUUUUUUUUU | Youu UUUUUUUUOUU university departments wit 
Netherlands vu uuUUU out trying to aggregate them, 
sity in Palo Alto, C: Australia uu vuuuUUU and the departments are sim- 
move up from third to second Japan UuuUUU uuu ply slotted into top, middle, 
place, even though Fire did ‘Germany uuuuu ‘uuu and lower tiers, It also allows 
his groundbreaking work on Switzerland ‘uuu Douuy the user to sort universities 
RNA interference while at the = vUUU ‘oUUUU based on their own favor 
Carnege Inston fn Bat ey a indicators, Obvioush 
more, Maryland. — ing such as this onc 
Universities that focus on oa eee yee less compelling newspaper or 
social sciences or humanities eae LiL} magazine copy—like a Miss 
also tend to suffer under the Season. Universe contest without a 
Shanghai system, Recogniz- __New Zealand winner, But a spokesperson 
ing that scientists in those dis- toda for Die Zeit, the German 
ciplines gravitate to different Belgium newspaper that publishes the 
. Liu doesn’t count aly vu CHE rankings, says its annual 
Natureand Science papersand ‘oat vu university guide isa bestseller 
redistributes that 20% share = v o and the interactive 
seross other indicators, Still, = a an lures many readers to 
the effect is noticeable: In = : t its Web site, 
2006, the well-respected Lon- a a 7 With all the complaints, i's 
onomics and easy to forget that rankings 
mee ended up in pa | CI have benefits as well, says 
the 201-300 tier (this fi lretand v Moed. Competition spurs uni- 
the list, Liu no longer gives South Korea ! u versities to actually perform 
individual ranks), whereas the ‘Austria T uv better, he says, and the rankings 
THES awarded the school Y= eneunivestyin the top 100 “includes Hong Kong Sunnersiies) Provide students and polic; 


17th place, 

Well aware of their influ- 
ence, and the criticisms, the 
rankers themselves acknowl- 
their charts aren’t the last word. 
ws & World Report, for instance, 
advises students to take many factors into 
account when choosing a college. A pop-up 
window on Liu’s Web site warns that “there 
‘are still many methodological and technical 
nitions” When using 


In response to the critics, some rankers 
are also continuously tinkering with their 
formulas, But that opens them up to another 
criticism, namely, that a university can 
appear to become significantly better or 
worse in a single year. Many have accused 


24 AUGUST 2007 VOL317 SCIENCE 


Who's right? Although both agreed that the U.S le thelist and the U.K. came second, 
the 2006 Shanghai and THES rankings differed markedly on where Earth’s 100 best 
universities were located. 


fied data. Usher, an IREG member, concedes 
that the principles are quite general in nature 
because they are the “biggest common 
denominators” among groupsof rankers with 
very different views. Many rankings aren't 
fully compliant with the rules yet, says 
CWTS researcher Henk Moed. 


DIY ranking 

‘Some believe the way forward lies with more 
sophisticated ways of presenting the data. 
The group in Leiden, for instance, produces 
rankings of European universities based 
purely on publication and citation data and 


makers with answers—even if 
they're imperfect—to leit 
mate questions about quality. 
Other rankers point out that 
universities tout the results ifthey do well, and 
they don’t like being excluded, Perhaps that's 
why the presidents of the competing Berlin 
universities announced shortly after the 2007, & 
‘Shanghai ranking appeared that they would sit 
down again to discuss the legacy of Einstein H 
and his illustrious colleagues. A compromise 3 
might propel both back onto the list in 2008. 
ein might have appreciated the irony. 
A sign in his office at Princeton reportedly 
read: “Not everything that counts ean be 
counted, and not everything that can be 
counted counts.” 
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Cancer's Perpetual Source? 


The discovery of tumor cells that behave like stem cells suggests why cancer may be 
so hard to eradicate—and how new therapies might be targeted 


Beginning about 15 years ago, John Dick's 
team at the University of Toronto in Canada 
provided a new clue as to what makes cancer 
such a formidable foe. They found that only a 
tiny population of leukemia cells could trans- 
mit the cancer from one experimental animal 
to another, More remarkably, the cells had a 
property previously seen only in stem cells: the 
ability to produce an exact copy of themselves 
each time they divide, thereby maintaining the 
ability to reproduce in perpetuity. These so- 
alled cancer stem cells, Dick suggested, 
might be what makes the disease so hard to 
eradicate with radiation or chemotherapy: 
Since then, such cells have been found in 
ers, including those of the 
colon, and head and neck. 


says 

ty of Michigan Comprehensive Can- 
cer Center in Ann Arbor 

Not everyone is convinced that the stem 

é like cells found in cancers play sucha key role 

i in tumor growth and maintenance. But if that 


idea is correct, “the ramifications could be 
huge,” says Craig Jordan of the University of 
H Rochester School of Medicine and Dentistry 
in New York state. In that event, therapies that 
target cancer stem cells may prove more 
§ effective than current cancer treatments. 
3 Indeed, radiation and many chemotherapeu- 
tic drugs wipe out dividing cells, but stem 
F cots inay bocuicsost most tne andso 
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may survive these treatments, “You can 
reduce tumor bulk 90%, and inno time ata, 
the tumor will take over again,” says Levy 
Kopelovich of the National Cancer Institute 
in Bethesda, Maryland, which held a work- 
shop in mid-May on stem cells as tangets for 
cancer prevention, 

Cancer researchers are beginning to 
understand what makes cancer stem cells 
dangerous. Among other things, they foster 
the formation of new blood vessels needed to 
feed tumor growth, Recent work is also 
uncovering the cellular signaling pathways 
that control cancer stem cell proliferation, 
raising hopes of new treatments that selec- 
tively kill these cancer seeds. Indeed, some 
existing cancer drugs and others that may 
soon be tested in people appear to target the 
cells, new studies indicate. “By gaining a 
sophisticated understanding of how normal 
and cancer stem cells differ, we'll be able to 
design a new class of drugs that is less tow 
predicts Sean Morrison of the University of 
Michigan Medical School in Ann Arbor. 


Multiple threats 

Forthe first decade afier Dick's discovery. the 
clinical importance of cancer stem cells 
seemed limited, because leukemias are much 
rarer than solid cancers. But interest in the 
cells began to take off in 2003. That year, a 
team led by Michael Clarke, then at the Uni- 
versity of Michigan Medical School, spotted 


NEWSFOCUS i 


Blood vessel stimulator. When transplanted into 
mouse brains, glioma stem celis form larger and 
more vascular tumors (middle row) than donanstem 
‘ells (top). As shown by the mouse at right, an anti- 
body to the angiogenesis-promoting protein VEGF 
‘greatly inhibits the growth of glioma stem cell 
tumors; the mouse at lefts an untreated contro 


cancer stem cells in breast cancers, and Peter 
Dirks of the Hospital for Sick Children in 
Toronto and his colleagues identified them in 
‘a variety of brain cancers (Science, 5 Septem- 
ber 2003, p, 1308), 

In the past several months, that early 
trickle of results has tuned into flood. Inthe 
4 January issue of Nature, for example, two 
independent teams, one led by Dick and the 
other by Ruggero De Maria of the Istituto 
Superiore di Sanita in Rome, reported the dis- 
covery of cancer stem cells in colon cancer, 
and others have reported finding them in ca 
cers of the prostate, lung, pancreas, head and 
neck, and the deadly skin cancer melanoma, 
“Cancer stem cell research has gone from an 
interesting sidelight to mainstream in a very 
short time,” Jordan says, 

What's more, cancer stem cells display an 
array of traits that aid in their proposed role of 
driving and maintaining cancer growth, For 
‘example, Jeremy Rich's team at Duke Univ 
sity in Durham, North Carolina, looked at 
their ability to resist radiation. 

In one key set of experiments, these 
researchers transplanted cells obtained from 
human glioblastomas, which are highly 
malignant brain tumors, into mice and then 
subjected the animals to radiation doses 
ilar to those used to treat human patients, 
Other than surgery, Rich says, “radiation ther- 
apy is the mos effective [treatment] for brain 
tumors, but itis rarely curati 

The transplantation results, which 
appeared in the 7 December 2006 issue of 
Nature, suggest an explanation. In irradiated 
tumors, the proportion of cancer stem cells 
\went up from about 2% to about 8%, as indi= 
cated by the number bearing the protein 
(D133. a marker for brain cancer stem cells 
This shows that those cells survived the radi- 
ation whereas other tumor cells succumbed 

The stem cells overcame the radiation, 
further analysis suggested, because they 
repair the DNA damage it induces more 
effectively than nonstem cancer cells do. “I 
thought that was a great paper.” says Clarke, 
who's now at Stanford University in Palo 
Alto, California, “It provided experimental 
evidence for what we've all been predi 

A second way that cancer stem cells 
may pose a threat is by stimulating angio- 
‘genesis, the formation of new blood vessels 
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Dangerous cells. According to current thinking, oncogenic mutations arising either in normal tissue stem 
cells or in the more developmentally advanced progenitor cells can produce cancer stem cells. When these 
cells divide, one daughter isan exact copy of the original and retains the ability to divide—and to initiate 
additional tumors—whereas the other target diferentiates to produce nontumorigenic cells, 


that support tumor growth, For example, 
the Duke team recently found that glioma 
stem cells in culture produce much more of 
the angiogenesis-promoting protein VEGF 
than do other glioma cells, 

The VEGF discovery suggests that one 
current drug may be a prototype of thera- 
pies that target cancer stem cells. Beva- 
cizumab (Avastin) is an antibody designed 
to block VEGF action that is already used 
for cancer therapy. And when the Duke team 
transplanted human glioma stem cells into 
mice and treated the animals with the anti- 
body, “the tumors from cat 
shrank dramatically,” Rich sa 
like bevacizumab is a kind of anticancer 
stem cell therapy.” 

‘And cancer stem cells may have yet 
another dangerous property: the ability to 
drive metastasis, the spread of tumors in the 
body. The presence of tumor cells in the bone 
marrow of breast cancer patients is a bad 
prognostic 
have a high risk of cancer spread. Last fall, 
Marija Balic, Richard Cote, and their col- 
leagues at the University of Southem Califor- 
nia in Los Angeles reported that roughly 
70% of the tumor cells in bone marrow carry 
the surface markers of breast cancer stem 
cells. Although it hasn't been proven that 
those cells seed metastatic tumors, such a 
possibility is in line with the idea that cancer 
stem cells are the tumor-initiating cells. Other 
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research has shown that genes involved in cell 
migration and tissue invasion are highly 
active in breast cancer stem cells, 


Searching for vulnerabitity 

In their search for ways to disrupt cancer 
stem cell activities, researchers are focusing 
heavily on the signaling pathways needed for 
their maintenance and development. And 
several intriguing connections between 
zenes already linked to cancer development 
have emerged. 

Atthis year’sannual meeting ofthe Amer- 
ican Association for Cancer Research in 
April, Hasan Korkaya, a member of Wicha's 
group at Michigan, reported that reducing 
expression of PTEN, « known tumor suppres: 
sor gene, in cultured human breast cancer 
cells increased cancer stem cell populations 
by as much as fivefold, Boosting expression 
of the HER? oncogene at the same time dou 
bled that increase. In addition, such cells 
migrate more in culture, an indication that 
they may seed metastases. This might help 
explain why women whose breast cancers 
have both loss of PTEN and extra HER? 
copies usually have a poor prognosis. 

Other work also points to PTEN loss as a 
trigger for cancer stem cells. Early last year, 
Owen Witte’s team at the David Geffen 
School of Medicine in Los Angeles found 
that when PTEN is deleted in the prostate 
cells of mice, the number of cells bearing a 


stem cell marker called Sca-I increases, and 
small premalignant growths form in the 
prostate, And Linheng Li's team at the Stow- 
‘ers Institute for Medical Research in Kansas 
City, Missouri, has found that deleting PTE 
in cells lining the intestines leads to the pro- 
duction of stem cells that form polyps that 
«can develop into full-blown cancers, Finally, 
Morrison's team has found in mice that PTEN 
deficiency promotes the formation of 
leukemia stem cells while depleting normal 
tic stem cells. 


sible to selectively strike cancer stem cells. 
Indeed, Morrison and his colleagues have evi- 
dence that the drug rapamycin, which can 
help make up for PTEN loss, can prevent 
Jeukemia development in their mouse model 
while at the same time restoring normal 
hematopoietic stem cell function, This is 
“exciting.” Morrison says, “because it offers 
the possibility of developing therapies that 
Kill cancer stem cells but are less toxie in nor- 
smal tissue.” Rapamycin is already used elini- 
cally as an immunosuppressant and is being 
studied in cancer therapy, and the group 
hopes to begin a clinical trial to test it in 
patients with acute myeloid leukemia (AML). 

Researchers seeking to target cancer stem, 
cells are also looking at several more path= 
ways previously implicated in stem cell main- 
tenance. Among these are the Want pathway, 
which is implicated in intestinal and other 
cancers, and also the Polycomb and soni 
hedgehog pathways, 

Some surprising aspects of cancer stem 
cells may also provide unexpected new targets 
for therapies. In a recent sereen of 1267 com- 
pounds in a library of pharmacologically 
active agents, Dirks and his colleagues identi- 
fied 160 agents that decreased the prolifera- 
tion of brain cancer stem cells in lab cultures 
Many of these drugsaffected unexpected ne 
ronal functions, such as neurotransmission, 
which were supposed to be properties of 
mature neurons rather than unspecialized 
stem cells. The mechanisms that control can- 
cer stem cell growth “may be more diverse 
than what we see right now,” Dirks says. 

Even a folk remedy is showing some 
promise against cancer stem cells, Rochester's 
Jordan, working with Dianna Howard's team 
at the University of Kentucky Medical Center 
in Lexington, has evidence from both cel 
culture and a mouse model that the dr 
parthenolide—the active ingredient in a 
herbal remedy called feverfew—specifically 
kills AML stem cells, 

In addition to simply screening for com- 
pounds that kill cancer stem cells, Dick and 
his colleagues are going afer leukemia stem 
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cells with an antibody that binds to a protein 
called CD44 that is highly expressed on the 
surface of AML cells, When the researchers 
transplanted human AML stem cells into 
mice and then administered the antibody, the 
treatment apparently abolished the tumor 
stem cells driving the leukemia, Closer exam- 
ination showed that the antibody preve 
AML stem cells from migrating to the spleen 
and bone marrow, where they would other- 
wise reside. emia} stem cells still 
need to niche, and if you 
interfere with their trafficking, they can’t 
maintain themselves.” Dick says, 

Even if cancer stem cells can't be killed or 
their spread blocked, they might be restrained 
inanother way: by inducing them to lose their 
‘stemness” and differentiate into nonrenewing 
cells, Last December, 
Angelo Vescovi of 
the University of 
Milan-Bicocca in 
Italy and colleagues 
reported in Nature 
that bone morpho: 
genetic proteins 
inhibit the tumori- 
zenie properties of 
human glioblastoma 
stem cells in this fash- 
ion, “I's an interest- 
ing paper.” says 
Dirks. “It opens up 
the field to consider- 
ing differentiation” as 
therapeutic goal 


Lingering questions 
Despite the outpour- 
ing of results in the 
past few years, funda 
mental questions 
remain about cancer 
stem cells, One big 


issue concerns the 
nature of the original 
cell that gives rise to them. “That's a harder 
question than people appreciate." Jordan says. 
‘It doesn’t have to start with a normal stem 


* In work done a few years ago, Irving 
Weissman’s team at Stanford University 
examined the genetic mutations in human. 
AML cells and concluded that the original 
cancer-causing mutations can strike more 
developmentally advanced, although still 
immature, progenitor cells, 

About a year ago, Scott Armstrong and 
colleagues at Children’s Hospital Boston pro- 
vided further support for that idea. Many 
leukemia cells feature yene translocations in 


which two genes, previously separate from 


wwwsciencemag.org 


‘one another, become joined and produce so- 
called fusion proteins, Human AML cells, for 
example, make a fusion protein called MLL- 
AF9. When the Children’s Hospital workers 
genetically engineered 
macrophage progenitor cells to produce 
MLL-AF9 and transplanted the cells into 
mice, they gave rise to a leukemia similar to 
AML. Subsequent isolation of leukemia stem 
cells from the mice showed that they resem- 
bled the original granulocyte-macropha; 
progenitors but had activated genes needed 
for self-renewal. 

Indeed, work published by the Clarke 
team in the 12 June issue of the Proceedings 
of the National Academy of Sciences sug- 
gests that stem cells of a given type of cancer 
may arise from different cells. For these 


ranulocyt 


Staying alive. The PTEN tumar-suppressor gene was deleted from the blood- 
forming cells of both mice. The mouse at top is near death due to the resulting 
leukemia. But treatment with the drug rapamycin, which can compensate for 
PTEN las, kept the mouse at bottom healthy. 


experiments, the researchers looked at colon 
cancer stem cells obtained from four diffe 
ent patients, There were “subtle differences” 
in cancer stem cell characteristics from 
patient to patient, says Clarke. “This sug- 
ts that the cell of origin varies from 
patient to patient. 

Despite the huge growth in the cancer 
stem cell field skeptics remain. One potential 
problem is that virtually all the work has 
involved transplanting human cancer cells 
into immunodeficient mice. This has raised 
concerns that the experiments do not ace 
rately reflect what happens during cancer 
development in humans. Indeed, Andreas 
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cells can initiate tumor formation. 
Instead of using human leukemia 


these researchers worked with mice geneti 
cally engineered to develop leukemia, When 
they injected leukemic cells from these ani- 
mals into genetically compatible healthy 
mice, all the recipients developed leuk 

even those injected with as few as 10 
Strasser’steam reported in the 20 July issue of 
Seience (p. 337). That could not have hi 
pened if only a tiny minority of tumor cells 
had the ability to initiate tumor formation, as 
the stem cell hypothesis holds, Strasser says, 
He suggests that the mouse doesn’t provid 
the right environment for the 
human cancer cells, so that only a few man- 
(0 survive and multiply, thus creating 
false impression that tumor-initiating cells 
are rare, “Those data have been massively 
overinterpreted” Strasser maintains, 

Dick disagrees. He notes that the cancer 
ell hypothesis rests on the prospective 
on of distinet populations of tumor- 
initiating and noninitiating cells rather than 
just on the rarity of cancer stem cells. Dick 
points out that his team has re-created human 
leukemias in mice by injecting the animals 
\with normal human blood-forming cells that 
had been engineered to carry a fusion gene 
known to make cells leukemic (Science, 
27 April. p. 600). 

These animals, which are more com 
ble to Strasser’s genetically engineered 
mice, developed leukemias similar to those 
seen in humans, and the frequency of tumor- 
ting cells was relatively high—one to 
rather than the one in a million 
in the early experiments. Other 
rehers have reported similar results. 
Dick suggests that different cancers will 
vary in cancer stem cell frequency, depend- 
ing on the particular oncogenic pathway: 
operating in the cells. 

Although others share Strasser's skepti: 
cism about cancer stem cellsand many uncer- 


stem 


tainties remain, there is one sure bet. Given 


the possible importance of cancer stem cells 
as therapeutic targets, the field will continue 
to grow. And at least one skeptic has already 
en convinced. Duke University’s Rich says 
that he came into the research hoping to dis- 


prove the importance of cancer stem cells, 
Now, he says, “we are very early in studying 
cancer stem cells, but understanding them 
may impact the way we diagnose and treat 
patients in the near future.” 


JEAN MARK 
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sofi-bodied, anemone-like forms such as the 


Corallimorpharia belon up? 


LETTERS 


edited by Etta Kavanagh 


to another 


Fineand Tchemov’s decalcification exper- 
iments may not be representative of all vari- 
éties of corals. I suspect that zooxanthellate 


reef-building species would have responded 
very diffe 


Another Threat to Borneo’s Rainforests? 


ntly to the experiment because of 
of their photosymbiosis 


STINE WELCOME THE RECENT INITIATIVE BY THE GOVERNMENTS OF BRUNEI 
Indonesia, and Malaysia to commit to conserve the highly diverse 
forests onthe island of Borneo through the“Heart of Borneo” initiative 
sp effort to save Borneo’s tropi ts," News Focus, 
13 July, p. 192). This istimely and hopefully will lead towa 


conservation efforts and more sustainable land use in this bele 


as tacit validation that we need not be as con- 


~ 
cemed about the g 
acidification with 


nwing problem of ocean 


rd to corals and reefs, 
GEORGE D. STANLEY JR. 


University of Montana Paleontology Center, Department of 
Geosciences, University of Montana, Missoula, MT 59812, 


improved 


ered 


biodiversity hotspot. 


sustainable land use: 


to proceed it may 

nd 
Ifefforts toa 
credits from 


However, lange areas of Borneo are alre 
that of open- 
BHP Billiton plans to de 
Within the Heart of Borneo (/), If these 
ad to 


pa number of coa 


st surface mines are allowed 


catastrophic destruction of prist 


od Joss of plant and animal species 


I forests to obtain carbon 


woided deforestation come to fruition (2), the forests of 


Borneo will have value in a different currency, that of their forest 


USA 


References 
J, Rutimann, Noture 442, 978 (2006), 

EKolbet The New Yorker, 20 Nov 2006, p67 

6.0, Stanley, 0, Fautin, Science 292, 1913 (200%), 
6. Stanley. Eth Sl. Re. 60,195 (2003). 

1H. Erwin, tinction: How Lie on Erth Nearly Ended 
250MilionYers Ago (Prieto Uni, Pes, Princeton, 
1, 2006. 

6, 6.0, Stanley, Scknce 312,857 (2006) 


carbon stocks rather than the coal buried beneath them, 
FRANCIS Q. BREARLEY 


Department of Environmental and Geographical Sciences, Manchester Metropalitan University, Chester Street, Manchester 
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Response 
STANLEY HIGHLIGHTS THE DUAL SIGNIFICANCE 
of our findings: a confirmation of his naked 
coral hypothesis (/) and a plausible explana 
tion for thee 
logical record of coral reefs (2), 

Stanley uses our findings to suggest that 
Icifying species that 
are typically classified as a different order 
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ma of discontinuity in the geo- 


seleractinians and non 


Ocean Acidification and 
Scleractinian Corals 
IN THEIR BREVIA “SCLERACTINIAN CORAL 


species survive and recover from decalvifica- ously unexplained, geologically 
tion” (30 March, p. 1811), M. Fine and appearance of order Seleractinia in Middle 
D. Tchernov present an exciting experimental Triassic time, when geochemically perturbed 
approach documenting how coral skeletons oceans returned to normal. Before this ti 
dissolve corals und reefs disappeared from the 

creased atmospheric CO,., a subject currently but may have con- 
at the height of public concem (/, 2). The fact 
that these authors demonstrated that five 
species of livin 


response assists our understanding of the sur- 
vival potential of corals afier mass extinctions 
such as after the devastating one at the end 
Permian (5), In addition, itexplains the previ- in 


(sich as corallimorpharians) are probably one 
clade. This is supported also by phylogenetic 
tools (3), demonstrat- 


that a clade of scleractinians is more 


sely related to nonealcifying corallimor- 
in to another clade of scleractinians, 


ley criticizes our study for using two 
he refers to 


Me 
as “not representative. 


ranean coral species th: 


a physiological response to in- ossil indeed, these are not 


classic reef-building corals: however, we 
doubt there is a definition of a “typical coral” 
The evolution and basic physiology of the 

An important implication of this work is studied species are indistinguishable from that 
the arbitrary and artificial nature of the current of tropical reef-building corals (4, 5). Over 
phylogenetic classification of scleractinian 98% of the colonies ofthe studied species are 
corals and some anemones. Why should Order symbiotic, suffe 
Scleractinia be recognized on the basis of 
calcified skeleton when essentially identical 


tinued to exist as “naked corals,” thus remain- 
ing paleontologically “hidden” from our view. 


seleractinian corals could 


lose their aragonitic skel 


ons, in response to 
elevated CO,, and then continue to exist 
perfectly well as soft-bodied polyps is a 
confirmation of the ephemeral or “naked 
coral” hypothesis (3, 4). This physiological 


eduiced growth, lower 


competitive abilities, and reduced physiologi- 


cal state when losi 


their endosymbiotic 
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sciencer 


+s (bleach) (4). Hence, the! 
different 
photosymbiosis, as Stanley proposed. We 
chose the studied species for their relatively 


cisno 


reason to suspect that they have 


slow caleifi 
for our de 

We sha 
ings might be m 
the title su 


tion rate, a preferred condition 


Icification experiment. 
Stanley's concern that our find- 
interpreted by the reader, as 
The last sentence 
in our paper, however, clearly states that while 


we discovered physiological refugia for corals 
under acidified conditions, coral reefs and 
their services will be lost. Corals without ear- 
bonate skeleton do not provide protection from, 
predators to both the coral ost and the numer- 
‘ous species that are associated with it. So even 
iffcorals survive acidification, reefs will not 
MAOZ FINES? AND DAN TCHERNOV' 


Faculty of Lite Sciences, Bar-tan University, Ramat-Gan 
'52900, Israel. “Department of Evolution, Systematics and 
Ecology, The Hebrew University of Jerusalem, Givat Ram, 
Jerusalem 91908, Irae. "The Interuniversity institute for 
Marine Sciences, Eat 88103, rae. 
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Trait or State? 


IN THEIR REPORT “NUCLEUS ACCUMBENS 
D2/3 receptors predict trait impulsivity and 
(2 March, p. 1267).J. 


cocaine 


W. Dalley etal, show that outbred rats display- 
ing high behavioral impulsivity responded 
more for intravenously administered cocaine 
than less impulsive rats, What they termed 
“trait impulsivity” was defined as high levels 
of anticipatory responding before presenta- 
tion of a brief ight stimulus predictive of food 
availability duri 


tion time task of sustained visual attention, 

We offer the caveat that a “trait” as u 
defined in biolog 
surable attribute of 


ally 
refers toa heritable, mea- 


n individual, Its use here 


isan unfortunate choice of terminology. This 
Report and many earlier studies demonstrat- 
ing a correlation between locomotor activity 


nent and subsequent 
propensity to self-administer psychostimu- 
ts (/) imply that the impulsivity (or high 
activity) ofthis subset of rats can be viewed as 


an endophenotype (a hereditary characteristic 


ly associated with some condi- 
n but isnot a direct symptom of that eondi- 
table risk for susceptibility to 
behavioral 
differences between outbred high and low 


tion) ofan inhi 
drug abuse. Arguably, howeve 


responders might be due entirely to effects of 


OF past experience, nol genotype, 
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Indeed, exposure to the impulsivity task itself 
might have caused subsequently observed 
differences in D2/3 receptor availability or 
cocaine self-administration. To date, there 
is little evidence that individual behavioral 


differences in impulsivity or the activity 


response in a novel apparatus can be cotrans- 
mitted with tendency to self-administera drug 
to rat offspring. However, in mouse inbred 
strains, both activity (2) anda similar measure 
of impulsivity, ability to withold nose pokin; 
(3), are clearly heritable. Furthermore, re- 
sponse inhibition efficiency shared about 
40% of genetic variance with the same strains” 


consumption of ethanol solutions (3), Demon- 
stration of coordi 
such traits as impulsivity or activity and dru 


netic influence on 


self-administration would be a simple mater 
of two to thre 


of se 
gthen the relevance 


breeding, and would stren 


of these studies to the human condition 
ly, 


consid 

JOHN C, CRABBEY? AND 

‘CHRISTOPHER L. CUNNINGHAM? 

Portland Alcohol Research Center, Department of 

Behavioral Neuroscience, Oregon Health & Science 

‘University, Portland, OR 97239, USA, Research Service, VA 
Medical Center, Potiand, OR 97239, USA. 
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Response 
OVERALL, WE WERE SOMEWHAT SURPRISED 
by the view expressed by Crabbe and 
Cunningham that impulsivity might be due 
entirely to the effects of environment or 


past experience. Impulsivity as operationally 
defined on the 5-choice serial reaction time 
task isa highly specific behavioral characteris- 
tic, which is actually orthogonal to the 
responder (HR) phenotype described by 
Piazza and colleagues (/). It is, in fact, more 
closely related to the form of inhibitor 

response control deficit present in atten 
disorder (ADHD) and 
related psychopatholog 


deficit hyperacti 


relevant because 
that 
response 
ble in humans (2), in line with recent con- 


jotypes linked 10 
indeed be heri- 


specific 
nhl 


tion per se 


evidence from family, twin, and adop- 
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tion studies indicating a strong genetic compo- 
nent to ADHD (3). From these and other twin 
studies, nonshared environmental compo! 
yerally small, while 
r 


ents 


some environmental influences exert their 
effects throu 
either directly through a differential functional 
response of a specific genotype to an environ- 


‘mental stressor or via epigenetic modifications 
ofa DNA sequence motif or polymorphism 
leg. (4)]. Nevertheless, we do agree with 
abe and Cunningham that we cannot dis- 
iiss the effects of differential mothering style 
ronmental variables without first 
demonstrating through selective breeding and 


or other et 


subsequent cross-fostering experiments an 
enrichment in impulsivity across successive 
generations of rat offspring 

Finally, itis disappointing in our view that 
Crabbe and Cunningham fail to focus on the 
I significance of our work in demonstrating 
potential causal relationship between impul- 


sivity and vulnerability to cocaine-taking 
based on a common neurobiological sub- 
strate, not leas a drug receptor target that has 


been extensively implicated in analogous 
in monkeys and humans 
(3.6), Impulsivity and increased cocaine self 
administration may actually be related psy- 
chological processes, for example, expressed 
san inability to bridge delays between future 
rewarding events. Indeed, this hypothesis is 
ble with recent speculations 
plors in the ventral striatum 
function to modulate distal versus proximal 
rewards (7). It is precisely this type of study 
ndophenotype 
concept and its utility in deconstructing com- 


brain imaging stu 


clearly compa 
that D2/3 r 


that lies at the heart of the 


plex neuropsychiatric disorders (8). 


JEFFREY W. DALLEY, BARRY J. EVERITT, 
TREVOR W. ROBBINS 


‘Behavioral and Clinical Newroscence Institute, Department 
of Experimental Psychology, University of Cambridge 


Downing Steet, Cambridge CB2 3EB, UX, 
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Stepping Down from 
the CIHR 


1 AM WRITING TO CLARIFY MY REASONS FOR 
stepping down as president of the Canadian 
Institutes of Health Research (CIHR) 
( Weary.” Newsmakers, 13 July, p. 177). Lam 
‘not “worn out from battling community oppo- 
sition...” Actually, I have quite enjoyed and 
appreciated the important discussions that the 
CIHR vision has prompted. Such discussions 
are necessary for transformative change. The 
profound changes taking place in the style and 
speed of health research and in the societies 
that fund this research are prompting similar 
discussions in every country that wishes to be 
at the leading edge of health research, 

Tam leaving simply because, after seven 
aand-one-half yearsas CIHR’s firs president, 
have aecomplished what I set out to do: estab- 
lish a new national funding agency that funds 
research across all aspects of health and dis- 
hich is strategic, focused on outcomes, 


LETTERS i 


and based on peer-reviewed excellence in 
research. Furthermore, CTHR’s unique, cross- 
Canada Institute structure is now well in 
place, with 13 highly talented and committed 
Scientific Directors, 13 Institute Advisory 
Boards, and a strong senior management. 
Finally, I have always felt that i's not healthy 
to be the head of an organization like CIHR 
for more than seven to eight years: One tends 
increasingly to look backward, not forward, 
This is a good time for someone else to take 
the reins of CIHR. 


‘ALAN BERNSTEIN 


Canadian institutes of Health Research, 410 Laurer Avenue 
‘Wiest, 9th Foot, Ottana, ON KIA OWS, Canada 


CORRECTIONS AND CLARIFICATIONS 
Table of Contents: (10 August, The flora image on page 
709 was erroneously linked tothe News Focus article “The 
fellowship ofthe hobbit." It should have been linked to 
Browsings on page 754 


Newsmakers: “Digging for pride” (27 July, p. 435). The 
‘ret fr the photo accompanying this tem was incorrect 
ltshoud read "bosnianpyramid.com.” 

News of the Week: “Conservationists and fishers face ol 
ver Hawail’s marine riches" by C. Pala (20 July, p. 306) 1 
as suggested incorrectly that a right-to-fish bill was 
passed in the Hawaii House of Representatives this year in 
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reaction toa study by marine scents lan Friedlander on 
‘marine protected areas, In fac, the bil was 2 reaction to 
another bil ntreduced in 2003 that would ave st aside a 
filth of Hawai’ near-shore waters for conservation 


Perspectives: “Reassessing catbon sinks” by DF. Baker 
(22 June, p. 1708). in the “Ocean regions” and “Land 
regions” columns a the bottom ofthe figure, the column 
titles should be reversed. “Land regions” should be on the 
let, and “Ocean regions” shouldbe on the right. n tine 4 
of the igure caption, “1,5 Pg C” should be “0.15 Pg C."The 
author's affliation should be Marine Chemisty and 
Geochemistry Department, Woods Hole Oceanographic 
Institution, Woods Hole, MA 02543, USA. E-mail: db@ 
eared, 


Reports: “Restriction ofan extinct retrvieus by the human 
TRIMSax antiviral protein” by 5. M. Kaiser etal. (22 June, 
. 1756). n the fist wo fll sentences on page 1758, the 
word “notaby” was placed incorrectly The sentences should 
read, "However, changing the arginine tothe ancestral lu 
tamine abolished the ability of human TRINSa to efficiently 
restrict PERV: infectivity (Fig, 28). Notably, the R3320 
mutation had the opposite effect on HIV-1, improving the 
aby of human TRIMScxto restrict this views (5) (Fg, 28)" 


Reports: "The vaccine adjuvant monophosphoryl tip Aas 
a TRIF-biased agonist of TLRA” by V Mata-Haro et ol. (1S 
June, p. 1628). On page 1629, in the 24th line of the fist 
{ull paragraph in the fst column, the callout should have 
been for figure 54 (not Figure $3) 


"News Focus: “Food for thought” by A. Gibbons (15 June 
. 1558). n a hypothetical seene, manioc and potato were 
suggested as posible tubers roasted and eaten by human 
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ancestor in Africa about 1.5 milion years ago. However, 
‘manioc and potatoes were domesticated in the New World 
and did not reach Africa until much ater. Yams ate a mote 
likely menu tem for ancient Afican Homo erect 


Reports: “Replication of genome-wide assaciation signals in 
UKsamplesreveas isk oc for type 2 diabetes” by E.Zeggini 
ft ol (1 June, p. 1336). Inthe HTML version ofthis article, an 
incorrect, expanded authors was initially included owing to 
an ero at Science. The pint and POF versions ofthe paper 
had the correct author ist. The HTML version has naw been 
corrected to match the pret and PDF versions 


TECHNICAL COMMENT ABSTRACTS 


Comment on Papers by Evans et al. and 
Mekel-Bobrov et al. on Evidence for 
Positive Selection of MCPH1 and 
ASPM 


Nicholas Timpson, Jon Heron, 
George Davey Smith, Wolfgang Enard 


Evans ef al. and Mekel-Bobrov et al. (Reports, 9 
‘September 2005, pp. 1717 and 1720, respectively) re 
Dorted that human genetic variants of Microcephatin 
(UCPHA) and abnormal spindi-ke microcephaly oss0c- 
‘te (ASPHO are under strong positive selection. We geno: 
typed these variants in 9000 children and find no mean: 
{ngful assacations with brain size and various cognitive 
measures, which indxates that contrary to previous spe 
ulation, ASPM and MCPHI have not been selected fo 
brain elate effects 
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Response To COMMENTS by 
Timpson et al. and Yu et al. 


Nitzan Mekel-Bobrov and Bruce T. Lahn 


The lack of association of the ASPM and MCPH2 genes 
with brain size or inteligence described by Timpson eta 
has been reported previously, including by our own 
group. Moreover, as in most studies of selection, our 
Analyses were entirely independent of phenotypic assoc 
ation, We aso respond ta the previously published com: 
‘ment by Yuet al, which argued that ASPM has not under 
gone posite selection. 


Full text at wam.sciencemag.org/cgikontenvful’317/ 
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PHARMACOLOGY 


Tales of the Wonder Drug 


Nicolas Rasmussen 


Honder Drug), by popular play 
wright Ludwig Fulda, Init, one of [i 
the main characters (a chemist) as 
a prank announces the discovery of 
‘a new medicine, "Mirakulin,” that 
ccuresall illness. When he attempts 


id reveal 
for 
ig, cannot be 


game, he finds it is too late; his fa 


tune, and society's faith in the d 
so easily undone, Thus, he tragicomically 


\ 
acle drug is eternal, If he had not announced 


«expectation of sucha mir- 


Mirakulin, then someone else would have, 


and so in every generation. One of the stories 


with which Robert Bud opens Penicillin this 
is.a fitting place to begin the drama of that 


For with its terrific efficacy 


ainst suit- 


able infections and remarkably low profile of 


harmful effectsat therapeutic doses, penicillin 


pains the truest ¢ 


ple of a wonder drug 
et produced by seience 

Steeped in mythology, penicillin’s history 
therefore involves much more than a chemical 
entity less poisonous to humans than to cer 
tain bacteria, Penicillin is that chemical, of 


of scientific medicine, an emblem of the ph 


maceutical industry's beneficence, and 
politically charged exemplar of good seience. 


jondon microbi- 


For example, stories. 
ologist Alexander Fl nius of peni- 
cillin’s discovery minant in his 
old Staphylococeus cultures during the late 
1920s 
of curiosity-driven, individualistic science. 
Stories contending that the lion’s share of the 


th 
asa cont 


have tended to support a tradition 


credit for penicillin belongs to the Oxtord 
group of Howard Florey have tended, in 


contrast, to advocate increased state support 


for large-scale, high-technology science in 


Britain, This same perspective has often seen 
penicillin as a sorry example of how British 
and industry have traditionally failed 
to cooperate, allowi 
their national treasure. Meanwhile in postwar 
where penicillin production by 
pharmaceutical firms could not have occurred 


scien 
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Penicillin 


by Robert Bud 


witho 


life scientists working 
US. Department of Agri- 
culture and universities, the 
wonder drug served as a key 


should continue indefinitely, 
The United States m 


lished its present sy 


never have estab: 
m of 


grant support for basic science 


Without it, as the atom bomb 


pressive symbol of social ben: 


ture the symbolic 
of penicil 
stories and rich associations 


icle dru 


surrounding the 1 
Bud (1 historian of science at 
the Science Museum, London) 
borrows thi 


concept of the 
ng. T 


even though infectious di 


brand from marke 


eases had been in sharp de- 
thro 
public health measures f 


half-century bet 


re the wa 


the postwar world the pen 
cillin “brand” embodied scien: 


tific medicine and captured all 


credit for the conquest of di 


ease, Hence the dissemination 


of penicillin production facili 


ties became a key priority of Penicil 


the United Nations and the 
nascent World He: 
late 1940s, cementi 


in the 
in the 


postwar international community with the 


promise ofa better future through science and 
modem technology. 

At one of these UN-funded facilities in 
Rome in the 1950s, Ernst Chain of the Oxford 
foup and collaborators from Beecham cor 
poration made the key breakthrough that led 
f semisynthetic 
beta-lactam antibiotics we have today. The 
semisynthetics are also penicillins, and 
stretching the brand concept rather thinly 
for Bud so too (symbolically) are strepto- 
mycin and the early br trum antibi- 
tics such as terramycin and chloramphen 
col, which the pharmaceutical industry avidly 
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ferreted from the soil, imi 
discovery even bet 
tested. And this same symbolic power of 
the penicillin brand, standing for salvation 
through modern medicine, helps explain why 


g the penicillin 


fore the original was fully 


penicillin has been so widely overused in out- 
patient practice, the prescription for sniffles 
totemically reinforeing doctor-patient rela- 


both patients and hospital staf? fro 
‘ous self-discipline of traditional hygiene. 


Most spectacularly, virtually overnight peni- 
cillin made syphilis an awkward nuisance 
rather than a dn and heritable 
taint, Infectious diseases in 


ded scou 


lost their 


Iconic plate. in 1928, Fleming found that secretions from the fungus 
m notatum destroyed Staphylococcus colonies 


associations with moral laxity, becoming 


mere inconveniences with a pharmacological 


fix. This ascendance of technology as the 
vehicle to health brought with it rise in the 
sof dru ida decline inthe status 
‘of doctors, whom patients came tor 
as founts of wisdom than as condu 


s for pills, 
And the technological fix of penicillin also 


enabled a massive scale-up in factory farm- 


\d chicken bat- 


that previously had been foiled by infiee- 
tious disease not just possible but economical, 
Penicillin made the modern world, the book 
basically 


hed for 
total, rationalistic dominance of living nature, 
Bur the magic potion turned out to have its 
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limits, in the evolution of resistant bacteria 
encouraged by overly free antibiotic use. This 
is the tragedy Bud finds in penicillin’s tri- 
umphanthistory. The very suecess of the hero, 
the penicillin brand, was its undoing. And 
there is another element of tragedy, the 
tragedy of the commons: The probably unnec- 
essary prescription demanded by anxious par- 
ents is more likely to benefit than harm their 
child, but it surely harms the public health in 
the long run by speeding that antibiotic’s 
obsolescence, However, the penicillin aura ts 
finally changing, Bud believes, thanks in part 
to public health efforts to rebrand antibiotics 
from miracle cures to limited resources that 
require stewardship, In an era that ine: 
ingly assumes that science and technology 
bring costs with every benefit and rejects 
rationalist fantasies of nature forever domi- 
nated by one technological fix after another, 
the promise that chemistry will always stay 
ahead of bacterial evolution seems hollow. In 
‘any event, prescription demand for antibiotics 
‘appears to be declining in developed coun- 
tries, [four culture's flagging trust in techno- 
logical institutions like the drug industry 
‘means that, after 40 years, we finally heed 
calls to limit antibiotic use in agriculture and 
outpatient medicine, then this may be one 
tragicomedy with a happy ending. 

1.1126 ene 1144953 


Pop Fly 


May Berenbaum 


House of Representatives 
Commitice on Resources con- 
ducted a field hearing in San 
Bernardino County, California, to 
evaluate public support for 
taining the endangered species 
status of the Delhi Sands flower- 
loving fly, Rhaphiomidas terminatus ablomi- 
nalis, the only fy officially recognized on 
the U.S, endangered species list. Proponents 
of delisting the species, who claimed that its. 
federal protection compromised major devel- 
‘opment projects in the area, attended the hear- 
ings carrying large flyswatters to emphasize 
their point (1). Their use of that prop graphi- 
cally illustrates the general public perception 
problems faced by the insects collectively 
known as flies. Although most people equate 


I September 2004, the US. 
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with Musea dome 
tica—the house fly com- 
monly associated with dung, 
decomposition dirt and dis- 
ease—the word technically 
applies to over 120,000 spe 
cies that meet the entomolog- 
ical definition: members of 
the onder Diptera, a tremen- 
dously diverse collection of 
species united by virtue of 
possessing two, instead of 
the typical four, wings in 
their adult stage. Thus, the 
‘order Diptera comprises not 
just the pestiferous house fly and its dung- 
infesting relatives in the family Muscidae but 
also members of 28 other families, which 
include robber flies, fruit flies, crane flies, and 
others even less famifiar to the general public. 

In Fly, Steven Connor undertakes the mon- 
‘umental task of acquainting a prejudiced pub 
lic with the spectacular diversity of Diptera 
The book is a tour de force (or, for the pun- 
inclined, a tour de Forcipomyia) of all manner 
of flies through both scientific and cultural 
lenses. On the scientific side. flies in the broad 
sense have played a key role in many of the 
‘most important intellectual advances of the 
past half-millennium, including the debunking 
of spontaneous generation, the identification 
of insects as vectors of human diseases, and 
the elucidation of the mechanics of mutation 
and development. On the cultural side, while 
familiarity in the case of the house fly has 
tainly bred contempt, it has also, across the 
centuries, produced a grudging 
respect and affection. Flies have 
been imbued with a spectacular 
array of metaphorical mean- 
ings, ranging from ephemeral- 
ity to metamorphosis and resur- 
rection to sexual lubricity, in 
Virtually every form of human 
expression. 

‘Connor, a professor of mod- 
crn literature and theory at Birkbeck Colleg. 
London, not surprisingly devotes a majority of 
pages to cultural aspects of flies. The book is 
‘organized around metaphorical themes, with 
science interwoven among historical refer- 
ences spanning 3000 years and cultural refer- 
ences involving almost every continent. The 
illustrations are an unremitting delight—the 
author has done a fantastic job of hunting 
down images of all manner of flies in all man- 
ner of media. Tuming the page might reveal a 
fly as portrayed in an ancient artifact, 17th- 
century still life, a close-up photograph, or a 
poster of a 1950s science-fiction film. 

Although the science is present. the book 


domestica, 


Disease carrier. The house fly, Musca 


may have benefited from 
more rigorous scientific 
review, Attimes, the author 
plays a bit loose with 
the definition of “fly 

such that in places the 
flies under discussion, 
although perhaps consid 
ered to be flies prior to 
18th-centu 
tion schemes, today are 
classified in entirely dif 

ferent orders (e.2., may 
fies, in the order Ephemer- 
optera, and agents of 
“phthiriasis, or lousy disease,” in the order 
Phthiraptera). As seems inevitabk 
books about insects, some scienti 

are misspelled, For example, John Curtis's 
illustration was of Tahanus alpinus, not 
Tabinus alpinus, although today itis know’ 
Atvlotus fulvus (2), A 1740 illustration by 
August Johann Roesel von Rosenhof is pre 

sented to show that “some flies have a fond- 
ness for the sweet nectar of flowers,” despite 
the fact that the flower depicted is a 
stapeliad, a group best known for attracting 
fies with a nau stench resembling the 
‘odor of rotting flesh. As well, the author 
interprets a late 19th century advertising 
image “showing a baby frolicking among 
Mies” as suggesting that “flies acquired their 
fearsome reputation relatively recently.” The 
fact that the “flies” in the image clearly have 
four wings (including two colorful elytra) 
indicates that the baby is likely frolicking 
with ladybeetles, which have long enjoyed 
popular approbation. 

The: cisms are minor (mere fly- 
specks, as it were), Fly isa joy to read, and 
it will particularly appeal to entomologists 
who have a stake in correcting mispercep- 
tions about one of the largest orders of ani= 
mals. The “timeline of the fly” at the end of 
the book dramatically illustrates the abid- 
ing impact these insects have had on human 
affairs. For the record, the Delhi Sands 
flower-loving fly remains on the federal 
endangered species list; Richard Pombo, 
among the architects of the congressional 
field hearing to undermine its protected 
status, was voted out of office on 7 
November 2006. 
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Sacred Barriers to 


Conflict Resolution 


jichard Da 


Scott Atran,’ Robert Axelrod? 
fforts to resolve political conflicts or 
to counter political violence often 


E assume that adversaries ma 


choices (/), Ever since the end of the Second 
World War, “rational actor” models have dom- 
inated strategic thinking at all levels of gov- 
ernment policy (2) and military planning (3) 
In the confrontations between 
and especially during the Cold War, these 
models were arguably useful in anticipating 
array of challenges and in stabilizing world 
peace enough to prevent nuclear war. Now, 
however, we are witnessing "devoted actors” 
le terrorists (4), who are willing 
me sacrifices that are independ 
ent of, or all out of proportion to, likely 


such as stici 
to make ext 


prospects of success, Nowhere is this issue 
‘more pressing than in the Israeli-Palestinian 
dispute (5). The reality of extreme behaviors 
and intractability of political conflicts there 
nd discord elsewhere—in the Balkans, 
Kashmir, Sri Lanka, and beyond —warrant 
research into the nature andl depth of commit- 
‘ment to sacred values, 


Sacred Values 
Sacred values differ from material or instru- 
mental ones by incorporating moral beliefs 
that drive action in ways dissociated from 
prospects for success. Across the world, peo- 
pie believe that devotion to core values (such 
as the welfare of their family and country or 
their commitment to religion, honor. and jus- 
tice) is, or ought to be, absolute and inviolable 
Such values outweigh other values, particu- 
larly economic ones (6). 

To say that sacred values are protected 
from trade-offs with economic values does 


‘not mean that they are immune from all mate 
rial considerations. Devotion to some core 
values, such as children’s well-being (7) or the 
ood of the community (8), or even to a sense 
of fairness (9), may represent universal re- 
sponses to long- 


erm evolutionary strategies 
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Resolution of quarrels arising from conflicting 
sacred values, as in the Middle East, may 
require concessions that acknowledge the 
opposition’s core concerns, 


The Spirit of Mahatma Gandhi, for whom “values become your destiny,” on the wall at the Kalandiya 


‘checkpoint separating the West Bank from Israel, 


jond short-term individual calcula- 
yet advance individu: 

jegate and long run, Other 
arly specific to particular 
societies and historical contingencies, such as 
the sacred status of cows in Hindu culture or 
the sacred status of Jerusalem in Judaism, 
Christianity, and Islam, Sometimes, as with 
cows (/0) or forests(//),the sacred may repre- 
sent accumulated material wisdom of genera- 
tions in resisting individual unges to gain an 
immediate advantage of meat or firewood for 
the long-term benefits of renewable sources of 
‘energy and sustenance. Political leaders often 
appeal to sacred values as a way of reducing 
“transaction casts” (/2) in mobilizing their 


that go t 
tions of self: 
interests in the 


teres 


such values are cl 


constituents to action and as a least-cost 
method of enforcing their policy goals (/3). 
Matters of principle or “sacred honor.” 
When enforced to a degree far out of propor- 
tion to any individual or immediate material 
payoff, are often seen as defining “who we 
are” Afterthe end of the Vietnam War, succes- 
sive US. administrations resisted Hanoi’s 
efforts at reconciliation until Hanoi accounted 
for the fate of US. soldiers missing in action 
(/4), Granted. the issue was initially entwined 
With rational considerations of balance of 
power at the policy-making level: The United 
States did not want to get too close to Hanoi 
and soannoy Beijing (amore powerful strategic 
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ally against the Soviet Union). But popular 
support for the administration’s position, 
especially among veterans, was a heartfelt 
concem for “our boys,” regardless of numbers 
‘or economic consequences, 

The “who we are” aspect is often hard for 
members of different cultures to understand; 
however, understanding and acknowledging 
others’ values may help to avoid oF to fesolve 
the hardest of conflicts. For example, at the 
peaceful implementation of the occupation of 
Japan in 1945, the American government real- 
ized that preserving, and even signaling 
respect for, the emperor might lessen the like 
lihood that Japanese would fight to the death 
tosave him (/5). 


Symbolic Concessions 

Our research team has measured emotional 
outrage and propensity for violence in 
response to peace deals involving com- 
promises over issues integral to the Israk 
Palestinian conflict with Israe 
Palestinian refugees, and Hat 
Hamas students. Our proposed compromises 
were exchanging land for peace, sovereignty 
over Jerusalem, the right of Palestinian 
refugees to return to their former lands and 
homes inside Israel, and recognition of the 
validity of the adversary’s own sacred value 
(2). We found that the use of material incen- 


settlers, 
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tives to promote the peacefull resolution of 
political and cultural conflicts may backfire 
When adversaries treat contested issues as 
sacred values. Symbolic concessions of no 
apparent material benefit may be key in help- 
ing to solve seemingly intractable conflicts. 

‘These results correspond to the historical 
sense of experts. One senior member of the 
‘National Security Council responded recently 
(16),""This seems right, On the settlers [who 
‘were to be removed from Gaza}, Sharon real- 
ized too late that he shouldn't have berated 
them about wasting Israel's money and endan- 
geting soldiers’ lives. Sharon told me that he 
realized now that he should have made a sym- 
bolic concession and called them Zionist 
heroes making yet another sacrifice.” 

As further illustration that sacred values 
can be at the heart of deep-seated political dis- 
putes, Isaac Ben Israel, a former Israeli Air 
Force general who currently heads his coun 
try’s space agency, told us: “Israel recognizes 
that the [Hamas-led] Palestinian government 
is still completely focused on what itconsiders 
to be its essential principles. ... For Hamas, a 
refusal to utter the simple words "We recog. 
nize Israel’ right to exist’ is clearly an essen- 
tial part of their core values, Why else would 
they suffer the international boycott... and let 
theirown government workers go without pay, 
their people go hungry, and their leaders 
wizi Hamad, a Hamas 
leader and then-spokesman for the Palestinian 
government, old us: “In principle, we have no 
problem with a Palestinian state encompass- 
ing all of our lands within the 1967 borders, 
But let Israel apologize for our tragedy in 
1948, and then we can talk about negotiating 
over our right of return to historic Palestine” 
In rational-choice models of decision- 
making, something as intangible as an apol- 
ogy could not stand in the way of peace. 

Apologies may not be so much deaFmakers 
in themselves as facilitators for political 
compromise that may also involve material 
transactions, At its founding in 1948, Israel 
‘was in dire economic str (17). But Israel 
and the World Jewish Congress refused 
to demand compensation directly from Ger- 
many for the property of murdered European 
Jews. Israel insisted that before any money 
could be considered, Germany must publicly 
declare contrition for the murder and suffering 
of Jews at German hands. 

An Iranian scholar and former top diplomat 
remarked recently that “symbolic statements. 
are important iff sincere, [and] without reser- 
vation, In 2000, [then-Seeretary of State 
Madeleine] Albright seemed to apologize to 
Iran for past offenses but then said [in a memo- 
randum] “despite the trend towards democracy, 
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control over the military, judiciary, courts and 
police remain in unelected hands” Our leader- 
ship interpreted this as a call for a coup” (18). 


Recent Discussions 
‘We went to the Middle East in February 2007 
to directly probe issues of material trade-off 
and symbolic concessions with leaders of the 
‘major parties to the Israel-Palestine dispute. 
We asked 14 interviewees in Syria, Palestin 
and Israel to verify statements for citation. No 
off-the-recond statements contradicted these. 

Responses were consistent with our previ- 
ous findings (J), with one important differ- 
ence, Previously, people with sacred values 
had responded “No” tothe proposed trade-o' 
“No” accompanied by emotional outrage and 
increased support for violence to the trade-off 
coupled with a substantial and eredible mate- 
rial incentive; and “Yes, perhaps” to trade-offs 
that also involve symbolic concessions (of no 
‘material benefit) from the other side. Leade 
responded in the same way, except that the 
symbolic concession was not enough in itself, 
butonly anecessary condition to opening seri- 
‘ous negotiations involving materia issues as 
well. For example, Musa Abu Marzouk (for- 
‘mer chairman, and current deputy chairman, 
of Hamas) said “No” to a trade-off for peace 
without granting a right of return; a more 
emphatic"No, we do not sell ourselves for any 
amount,” when given a trade-off with a sub- 
stantial material incentive (credible offering 
of substantial U.S. aid for the rebuilding of 
Palestinian infrastructure); but “Yes, an apol 
ogy is important, but only asa beginning. It's 
not enough, because our houses and land were 
taken away from us and something has to be 
done about that.” 

Similarly, Binyamin Netanyahu (former 
Israeli prime minister and current opposition 
leader in parliament) responded to our ques- 
tion, “Would you seriously consider accepting 
two-state solution following the 1967 bor- 
ders if all major Palestinian factions, includ- 
ing Hamas, were to recognize the right of the 
Jewish people to an independent state in 
the region?” with the answer: “Yes, but the 
Palestinians would have to show that they sin- 
cerely mean it, change their textbooks and 
anti-Semitic characterization and then allow 
some border adjustments so that Ben Gurion 
[Airport] would be out of range of shoulder- 
fired missiles” 

For Israel's former chief hostage negotia- 
tor, Ariel Merari, “Trusting the adversary’s 
intentions is critical to negotiations. which 
have no chance unless both sides believe the 
other's willingness to recognize its existential 
concems.” Indeed, recognition of some “exis- 
tential values” may change other values into 


material concerns, ¢2.."since the PLOS[Pale- 
stine Liberation Organization's] recognition 
of Israel, most Israelis no longer see rule over 
the West Bank as existential” (9). 

We urgently need more scientific research 
to inform beter policy choices. Our findings 
about sacred values suygest that there may be 
fewer differences than are publicly acknow!- 
‘edged in the material trade-offs that “moder 
ate” and “radical” leaders in Palestine, Israel, 
and elsewhere may be willing to make. 
‘Overcoming moral barriers to symbolic con- 
cessions and their emotional underpinnings, 
may pose more of a challenge but also offer 
‘greater opportunities for breakthroughs to 
peace than hitherto realized. 
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MICROBIOLOGY 


A Bacterial Pathogen 


Sees the Light 


John T. M. Kennis and Sean Crosson 


ight, a nearly ubiquitous environmen- 
| tal signal, regulates myriad develop- 

mental and behavioral responses in 
plant, fungal, bacterial, and animal cells 
Photosensitive proteins abound in the bacter- 
ial kingdom, but their cellular functions often 
remain a mystery. On page 1090 in this issue, 
Swartz etal, (/) identify a functional role fora 
new type of light sensor in bacteria—tight, 
ite (LOV) histidine kinase. In 
notorious pathogen Brucella abortus, light 


increases the enzymatic activity of this kinase, 
whi 


h, remarkably, increases virulence of the 
terium, Related LOY histidine kinases are 
conserved across a range of bacterial taxa, 
suggesting that this virulence pathway could 
be one of many new photosensory pathways 

lating bacterial physiology. 
LOV domains belong to the PAS (Per- 
Arnt-Sim) protein domain superfamily (2), 
and were initially described as the light- 
absorbing region in plant serine-threonine 
kinases known as phototropins (3). A compact 
protein module of “110 amino acids, the LOV 
domain is rendered sensitive to blue light 
through a noncovalently bound flavin cofae 
tor, Upon absorbing a blue photon, the flavin 
cofictor forms a covalent bond with a con- 
served cysteine residue in the LOV domain 
(4-8). This event triggers a conformational 
change within the LOV domain that commu- 
nicates photon detection to regions outside the 
core (9, 10). This unique signaling 
own, 


domi 


mechanism underlies several we 
photomorphoyenic and circadian responses in 
plants and fungi (3, 11), 

Flavin-binding LOV domains are broadly 
distributed across the plant, fungal, and bac- 
terial kingdoms (/2, 13), and thus, serve as 
evolutionarily conserved sensory modules, 


use they are fused to a range of “out- 
domains including bacterial diguany- 
late cyclases and phosphodiesterases, zine~ 
er transcription factors, and histidine 
es, this flavin-binding protein fold pro- 
vides a means for the light environment to 
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An unusual photosensitive kinase is discovered 
in bacteria, where it increases virulence in 
response to light. 


Bacterial LOV kinase (tight sensor) 


oy 


— 


LOV domain Histidine kinase 


ddomal 


Photoactivated LOV kinase increases vitulence 


Infectious light. Infection of cells by the pathogenic bacterium B, abortus is accentuated by visible light 


Absorption of light by a photosensory hist 
ties that increases virulence. 


control a wide range of cellular phenomena. 

Surprisingly, many bacterial species that 
encode LOV domains in their genomes are 
nonpigmented heterotrophs (/2, 13) with no 
known or anticipated response to visible light 
What, then, is the function of this widely dis- 
tributed light-sensing domain in these species 
[LOV domains are encoded in 16% of se- 
‘quenced bacterial genomes (/3)}? A part 
larly intriguing family of bacterial LOV pr 
teins is the LOV histidine kinases. Histidine 
kinases, along witha response regulator family 
‘of proteins, form the two-component signaling 
systems that constitute the predominant mode 
of signal transduction in bacteria (4). 

‘Swartz ef al, show that light increases the 
‘enzymatic (autophosphorylation) activity of 
a Brucella LOV histidine kinase (see the fig- 
ure). Strikingly, they demonstrate that visible 
Tight increases the virulence of B. abortusina 
macrophage infection model: Wild-type 
Brucella is 10 times more virulent after 
exposure to visible light than bacteria that 
were never exposed to light. Deletion of the 
gene encoding LOV kinase from Brucella 
abolished this light-mediated virulence 
ial protiferation in 
light-expos ells to the level 
observed in the dark. These results provide a 
clear link between B. abortus LOV histidine 
kinase and the light-induced increase in viru- 
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kinase causes a change of its chemical and physical proper- 


lence. Moreover, mutagenesis of the eon- 
served cysteine in the LOV domain abolished 
the light response, demonstrating that eys- 
teinyl-flavin bond formation in the LOV 
domain is necessary for light-mediated viru- 
lence, The result of Swartz and colleagues 
suggests that upon ejection from an infected 
animal host, suntight acts as an environmen- 
tal signal that inereases the virulence of B. 
abortus, Thus, exposure to visible radiation in 
natural reservoirs outside the host could 
increase the likelihood of infecting another 
host 
In addition, Swartz er al. demonstrate that 
light regulates histidine kin: 
multiple bacterial taxa, By cloning, express 
ing, and purifying LOV histidine kinases from 
Brucella as well as from the plant pathogen 
Pseudomonas svringae and the marine bac 
m Erythrobacter litoralis, the authors 
t each species of LOV histidine 
kinase exhibits canonical LOV domain photo- 
istry as Well as light-driven autophos- 
phorylation activity. 
The study raises many important questions 
\what promises to become an important new 
field of bacterial photobiology. For instance, 
what are the functions of LOV histidine 
kinases in other species? What are the down- 
stream signaling partners of these photosen- 
sors? How does activation of B. abortus LOV- 
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histidine kinase increase virulence? And 
mechanistically, how does absorption of pho- 
tons by the LOV sensory domain trigger enz 
matic activity? 

Although high-resolution structures are 
available for a number of histidine kinase 
domains, itis not known how signal informa- 
tion is communicated from the sensor domain 
to the kinase domain, and how autophospho- 
rylation is initiated. Because of the pho- 
tochromic properties of LOV domains (/5), 
LOV histidine kinase activity can be switched 
between active and inactive states by a simple 
pulse of light, permitting one to monitor the 
transition between the ground state and the 
signaling state. In this way, the light-driven 
structural changes initiated in the LOV 
domain that finally result in kinase phos- 


phorylation can be assessed in real time. 
Moreover. by combining microscopy with 
microfocused laser excitation, intracellular 
signaling processes involving a LOV histi- 
dine kinase and its signaling partners ean be 
followed in a single bacterial cell. Certain! 
LOV histidine kinases are poised to enable 
deep understanding of key processesin signal 
transduction at both the molecular and 
cellular levels. 
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ECONOMICS 


Money Illusion and the Market 


Jean-Robert Tyran 


‘maine a consumer who discovers to 
Tiss that the money in his bank 

account and his salary have doubled 
overnight, Now suppose that all prices 
have also doubled overnight. Will this 
consumer be happy about being awash 
‘with money? Will he feel richer today and 
buy more or different goods than he did 
yester Yotaccording to standard eco= 
‘nomic theory. Afterall, he has to work the 
same numberof minutes to buy, say. loa 
of bread, and ean therefore afford to buy 
exactly the same set of goods as he did 
yesterday, In short, the boost in purely 
* fems (Which inflates all mon- 
etary values by the same factor) should 
not affect behavior because nothing has: 
changed in “eal” terms (ie. when taking 
jon properly into account) 

This is the textbook example that 
economists use to explain the standard 
assumption that economic agents are free 
from money illusion, i, that they think about 
economic transactions exclusively in real 
terms, But now imagine a situation in which 
all prices increase by 3.1% and nominal 
‘wages increase by, for example, 2.3% over | 
year: Do people behave the same way in this 
Situation as in the effectively equivalent case 
\when their nominal wages fall by about 0.9% 


at constant prices? Or do some people per- 
ceive these two situations differently because 
of different nominal representation: 

Despite increasing evidence that thinking 
in nominal terms is common and that purely 


market outcomes. Economists often claim 
that learning and market forces eliminate dis- 
tortions from money illusion at the market 
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level if irrational agents are swiftly selected 
out of the market (e. 
rupt) or if rational 


Individuals often pay more attention to price 
tags than to real value, Evidence shows that this 
may also have important effects on markets. 


advantage of irrational behavior. Yet, 
recent evidence, from both the experi- 
mental laboratory and the field, sugz- 
can affect 


market outcomes, 

‘An intriguing example comes from 
the housing market, Housing. prices 
have reached unprecedented heights in 


recent years in several countries. Sharp 
run-ups followed by busts are a com 
mon feature of housing prices, Re- 
cently, Brunnermeier and Julliard pro- 
posed that a particular type of money 
illusion, which results from confusing 
nominal and real interest rates, could 
explain such “housing frenzies” (3) 
They found that falling nominal interest 
rates and inflation inereased housing 
Prices, and vice versa, even when con- 
trolling for other factors that affect real 
housing prices such as construction costs, 
housing quality, property taxes, demograph- 
ies, and general economic conditions, 

‘The reasoning for this result isas follows. 
When inflation is low, monthly nominal 
interest paymentson mortgages re low com- 
pared to the rent on a similar house. Because 
houses seem cheap, illusion-prone investors 
entering the market tend to buy rather than 
rent and cause an upward pressure on hous- 
ing prices when inflation declines, How- 
ever, decreasing inflation not only reduces 
entrants’ current payments on the mortgage 
bout also increases the real cast of future mort- 


creo oe sme 


gage payments. Investors who base their 
decisions on the salient low nominal mort- 
gage payments, but ignore the less-visible 
effect of inflation on the future real mortgage 
cost, are prone to an illusion. Ina sense, these 
investors act like a person who thinks that a 
aris cheaper if the down-payment is spread 
over 4 years rather than 2 years because 
the monthly payments are lower, Some 
researchers have suggested that a similar 
relationship between inflation and real asset 
prices exists in the stock market, and have 
proposed money illusion asa cause (4, 5). 

Experimental studies by Febrand Lon mar- 
kets with competition among a small number 
of price-setting firms show that money illu- 
sion can have pronounced effects on market 
prices (6, 7). Decision-makers are presented 
With either real or nominal information on 
profits under otherwise identical conditions to 
test whether money illusion is induced by a 
4 (i¢., by inflating all nominal 
values) (/, 8). Money illusion has strong 
elects on market prices when rational agents 
have incentives to “follow the erowal” but only 
minor effects if rational agents have incentives 
to" go against the tide” (9). 

One of our studies finds that money illu- 
sion can cause a sluggish reduction of nomi- 
nal prices in response to a monetary contrac= 
tion (i, deflation of all nominal values) (6). 


These sluggish downward nominal prices 
may be the result of what economists call 
“nominal loss aversion” if firms are reluctant 
to cut prices to avoid lower nominal profits 
associated with lower price levels, This stems 
from an interaction of money illusion and 
“loss aversion.” which isa tendency for losses 
to loom larger in people's minds than corre- 
sponding gains. Several field studies have 
shown that real wage cuts are more common 
‘when inflation is positive rather than zero [see 
(J0) for a review). This finding is consistent 
‘with nominal loss aversion because employers 
can cut real wages despite increasing nominal 
wages in an inflationary environment, but 
nominal wages must fall to cut real wages 
with zero inflation. Earlier work showed that 
nominal loss aversion also affects portfolio 
choices in laboratory experiments (//) and 
seems to be an important factor in housing 
markets. Residential home owners seem to be 
more reluctant to sell a house at a real loss if 
this is associated with a nominal loss rather 
than masked by a nominal gain (/2). 

There are complications, however. Re 
searchers cannot directly observe money illue 
sion but can only indireetly infer its effects. 
Evidence consistent with money illusion may 
also be consistent with alternative accounts, 
involving fully rational agents. Laboratory 
‘work can convincingly rule out such alter 
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tive accounts, but laboratory economies tend 
to be simple, Conversely, field data are rich, 
but the relevance of alternative accounts is 
often open to debate. 

Given that both modes of research have 
theiradvantages and limitations, they oug 
inspire each other. For example, experimental 
evidence on the effects of money illusion in 
competitive asset markets (e.g., stock mar- 
kets) would strengthen the interpretation of 
field evidence. Conversely, field studies on 
the relevance of incentives to “follow the 
‘crowd! identified in the laboratory would be 
step forward in understanding when money 
illusion matters in markets, 
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NEUROSCIENCE 


The Threatened Brain 


Stephen Maren 


he world is a dangerous place. Every 
[ day we face a variety of threats, from 
careening automobiles to stock market 
downturns, Arguably, one of the most impor- 
tant functions of the brain and nervous system 
is to evaluate threats in the environment and 
then coordinate appropriate behavioral re- 
sponses to avoid or mitigate harm. 

Imminent threats and remote threats 
produce different behavioral responses, and 
‘many animal studies suggest that the brain 
systems that organize defensive behaviors 
differ accordingly (1). On page 1079 of this 
issue, Mobbs and colleagues make an impor- 
tant advance by showing that different neural 
circuits in the human brain are engaged by dis- 
tal and proximal threats, and that activation of 
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these brain areas correlates with the subjective 
‘experience of fear elicited by the threat (2). By 
Pinpointing these specific brain circuits, we 
may gain a better understanding of the neural 
mechanisms underlying pathological fear, 
such as chronic anxiety and panic disorders. 
To assess responses to threat in humans, 
Mobbs and colleagues developed a computer- 
ized virtual maze in which subjects are chased 
and potentially captured by an “intelligent” 
predator. During the task, which was conducted 
during high-resolution functional magnetic 
resonance imaging ({MRI) of cerebral blood 
flowy (which reflects neuronal activity) subjects 
manipulated a keyboard in an attempt to evade 
the predator. Although the virtual predator 
appeared quite innocuous (it was a small red 
circle), it could cause pain (low- or high-inten- 
sity electric shock to the hand) if escape was 
unsuccessful. Brain activation in response to 
the predatory threat was assessed relative to 


The human brain’s distinct reactions to 
distant dangers and nearby threats may 
bbe deregulated in anxiety disorders. 


yoked trials in which subjects mimicked the 
trajectories of former chases, but without a 
predator or the threat of an electric shock, 
Before each trial, subjects were warned of the 
contingency (low, high, orno shock). Hence, 
neural responses evoked by the anticipation of 


pain could be assessed at various levels of 


threat imminence not only before the chase, but 
also during the chase when the predator was 
either distant from or close tothe subject, 

How does brain activity vary as a funetion 
of the proximity ofa virtual predator and the 
severity of pain it inflicts? When subjects were 
‘warned that the chase Was set to commenc 
blood oxygenation level-dependent (BOLD) 
responses (as determined by fMRI) increased 
in frontal cortical regions, including the ante- 
rior cingulate cortex, orbitoffontal cortex, and 
ventromedial prefrontal cortex. This may 
reflect threat detection and subsequent action 
planning to navigate the forthcoming chase, 
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i Periaqueductal gray 
‘Topography of fear. Asa predatory threat approaches, neural activity in the human brain shifts from the forebrain to 


the midbrain, 


Once the chase commenced (independent of 
high- or low-shock trials), BOLD signals 
increased in the cerebellum and periaqueduec 
tal gray, Activation of the latter region is 
not it is implicated in organizing 
det onses in animals w natural and 
artificial predators (3, 4). Surprisingly. this 
phase of the session was associated with 
decreased activity in the amygdala and ventro- 
medial prefrontal cortex. The decrease in 
smygdala activity is not expected, insofar as 
cues that predict threat and unpredictable 
threats activate the amygdala (5,6). 

However, activity in these brain regions 
varied considerably according tothe proximity 
of the virtual predator and the shock may 
tude associated with the predator on a given 
trial (see the figure). When the predator was 
remote, blood flow inereased in the ventrome= 
dial prefrontal cortex and lateral amygdala, 
This effect was more robust when the predator 
predicted a mild shock. In contrast, close prox- 
imity of a predator shifted the BOLD signal 
from these areas to the central amygdala and 
periaqueductal gray, and this was most pro- 
nounced when the predator predicted an 
intense shock, Hence, the prefrontal cortex and 
lateral amygdala were strongly activated when 
the level of threat was low, and this activation 
shifted to the central amygdala and periaque- 
ductal gray when the threat level was high. 

‘The shift in neural activity from the fore- 
brain to the midbrain may reflect increases in 
fear as the predator approaches. In support of 
this view, Mobbs er af. also showed that 
BOLD signals in the periaqueductal gray and 
the nearby dorsal raphe nucleus were highly 
correlated with the degree to which subjects 
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feared the predator and how confident they 
‘were that they could escape. In animals, simi 
Jar variations in fear define the topography of 
behavior along a “predatory imminence con- 
tinuum” (7). According to this view, the pre- 
frontal cortex and lateral amygdala may coor- 
dinate behavior (such as avoidance) inthe face 
ofa distal threat, whereas the central amyz- 
dala and periaqueductal gray may coordinate 
defensive responses (such as freezing) when 
threat is imminent (8). Forebrain systems 
engaged by a remote predator may even 
inhibit midbrain defense systems to promote 
escape behavior. Indeed. when escape fails 
and capture becomes inevitable (when control 
is lost), prefrontal inhibition of amygdala 
activity (9) and midbrain defense circuits may 
be released to shift behavior into a defensive 
mode (/0). Although Mobbs ef al. show that 
subjects were motivated to escape the virtual 
predator, it would be of interest to know 
whether the brain activation patterns they 
observed predicted fear responses (such as 
‘sweating of tachycardia) during the task. 

The majority of {MRI studies investigating 
the neural substrates of aversive emotions— 
including fear—have used tasks in which the 
imminence of the threat does not vary. or 
varies in a way that would clude detection ina 
neuroimaging study (J /). For example, many 
studies have used Pavlovian fear conditioning 
procedures, in which a conditioned stimulus is 
paired with an aversive event (shock, loud 
noise, or a fear-evoking image). In this situa- 
tion, the imminence of the aversive outcome 
at least in a spatial domain, 
when the conditioned stimulus is presented. 
Although imminence might vary during the 


conditioned stimulus as the uncondi- 
tioned stimulus approaches in time, 
modern fMRI techniques cannot 
resolve brain activity during the short 
conditioned stimuli (2 t04 s) typically 
used in these experiments, None- 
theless, these approaches have ident 
fied brain responses to stimuli that 
predict aversive outcomes, and activa- 
tion of the amygdala also figures 
prominently in this response (/2-15), 
‘What do the findings tell us about 
human anxiety and panic? As the 
imminence of a threat increases, the 
successive activation of neural circuits 
in the forebrain and midbrain may 
yield qualitative changes in the subjee- 
tive experience of fear: Activa 
the prefrontal cortex by distal, unpre- 
dictable threats might foster anxiety, 
‘whereas activation of the periaqueduc 
tal gray by proximal threats that predict 
pain may fuel pat y 
these circuits is therefore likely to yield a vari- 
y of chronic anxiety disorders (/6-/8). 
Indeed. decoupling of the midbrain periaque- 
ductal gray from cortical-amyzdaloid reyuli- 
tion may contribute to pani disorder, which is 
rrcterized by intense somatic and auto 
nomic fear responses to stimuli or situations 
that pese no immediate threat, Mobbsand col- 
leagues have now set the stage for future 
efforts to explore this intriguing possibilty in 
patients with anxiety disorders 
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BIOCHEMISTRY 


Crowds of Syntaxins 


Stephen H. White 


strated two-dimensional diffusion of fluo- 

rescently labeled surface antigens in the 
plasma membranes of fused mouse and 
human cells. This ob: ion led to the idea 
are a mosaic composed of a 
fluid lipid bilayer with embedded membrane 
proteins, which diffuse freely in the plane of 
the bilayer (2-4), This concept received early 
support from measurements of the diffusion 
of rhodopsin molecules in the rod outer seg- 
‘ment photoreceptors of the eye (5). But ques- 
tions soon arose about restriction of protein 
mobility asa result of protein-protein interac- 
tions or attachment of membrane proteins to 
other cell components (6). The questions have 
not abated, as evidenced by the debates about 
partitioning of selected proteins into lipid rafts. 
(7, 8) and restriction of membrane protein 
mobility by submicrometer compartments in 
the cell membrane (9, 10). 

‘On page 1072 of this issue, Sieber, Lang, 
and co-workers (//) refreshingly turn our 
attention back to the problem of simple di 
fusion and clustering of proteins in uid 
membranes. They show that the cluster- 
ing of symtaxin | in the plasma mem= 
brane of neuroendocrine PC12 cells 
(/2) can be described by a simple 
physical model. The work is partic= 
Ularly notable because of the importance 
of syntaxin 1 in the docking and fusion of 
secretory vesicles to allow external release of 
their contents (exocytosis). 

Syntaxins are members of the SNARE 
(/3) family of proteins that mediate mem- 
brane fusion events associated with intracellu- 
Jar membrane trafficking (14). All SNARE 
proteins contain highly conserved heptad- 
repeat amino acid sequences that readily form 
coiled-coil structures that link secretory vesi- 
cles to target membranes during fusion, The 
link structure, required for exocytosis, 
isa fourshelix coiled-coil structure known as 
the SNARE core complex. This complex is 
formed from SNARE proteins on the secre- 
tory vesicles (Vesicle-associated membrane 
protein or VAMP) and a soluble SNARE 
protein (synaptosome-associated protein or 
SNAP). Syntaxins and VAMPs are anchored 


[= 1970s, Frye and Edidin (/) demon- 
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to their membranes by single carboxyl-termi- 
nal transmembrane helices. The two proteins 
are distinguished from one another by the sub- 
domain structures of their amino-terminal 
domains, but in both cases the SNARE hep- 
tad-repeat sequences are immediately adja- 
cent tothe transmembrane helix anchors, 
Lang er af. (15) have shown that effective 
exocytosis of PC12 secretory vesicles requires 
syntaxin | to form clusters. Harkening back to 
an earlier time when changes in lipid bilayer 
properties—especially lipid composition 
‘were believed to be primarily responsible for 
the aggregation of membrane proteins (/6), 
these clusters disperse when the normally high 
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Ditfusion of the membrane-fusion protein 
syntaxin in cell membranes can be explained 
by a simple model of attraction and repulsion. 


and computer simulations, The results show 
that freely diffusing syntaxins exchange 
dynamically with syntaxin clusters containing 
~75 densely crowded syntaxins, with a cluster 
diameter of 50 t0 60 nm (see the figure). 
The technically demanding procedure 
simple in concept. First, measure the size and 
number of clusters per jim?, This is where 
stimulated emission depletion fluorescence 
microscopy (/8) is invaluable, because it 
allows features with diameters below the di 
fraction limit to be resolved. Second, deter- 
‘ine the total number of clusters from mea 
surements of the average cell surface area 
using confocal microscopy, Third, establish 


‘Syntaxin cluster 
=50.nm 


Freely diffusing 
syntaxin monomers 


How syntaxin clusters form. Syntaxns freely difuse in the plasma membrane to form clusters of ~75 mole- 
‘ules (11). Clustering appears to obey a simple physical principle: mutual attraction due to SNARE domains 
balanced by repulsion due to cronding, The clusters likely play an important role in vesicle secretion processes. 


concentration of cholesterol in the cell mem 
brane is reduced. Cluster dispersal through 
membrane cholesterol depletion strongly 
reduced the vesicle secretion rate. But even 
though cholesterol affects clustering, it is 
not directly responsible for it. Lang and 
co-workers recently showed that the syntaxin 
I SNARE motif drives clustering through self- 
association (17). 

This observation set the stage for the 
experiments presented by Lang and co-work- 
ers in this issue. In a technical tour de force, 
they have quantitatively characterized cluster 
formation with a combination of stimulated 
emission depletion fluorescence microscopy, 
fluorescence recovery after photobleaching, 


the total number of syntaxin 1 copies per cell 
with quantitative immunoblotting. Combined, 
these measurements yield the cluster diameter 
and syntaxin:cluster ratio, 
Measurements of fluorescence recovery 
afier photobleaching of living PC12 cells 
‘showed that the mobility of native syntaxin 1 
‘was highly restricted. In contrast, mutant syn- 
taxins that lacked most of the amino-terminal 
cytoplasmic domain were highly mobile. 
Restricted mobility wasrecovered when only 
the SNARE domain was added back to the 
transmembrane domain, Further observations 
of small numbers of clusters suggested that 
fluorescence recovery occurred via exchange 
of syntaxin molecules between the clusters, 
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implying a dynamic equilibrium between 
‘monomers and clusters, 

The coup de grace was delivered by 
Brownian dynamics simulations with a 
simple interaction potential between in- 
dividual syntaxins, The photobleaching 
observations were reproduced perfectly by 
a simple model of weak homophilic attrac- 
tion between monomers balanced by a 
repulsive potential due to steric repulsion. 
One can readily imagine the arms of the 
resulting anemone-like structures (see the 
figure) snaring passing vesicles in prepara- 
tion for exocytosis, 

The image of syntaxin clusters that 
emerges trom this study is far more complex 
than textbook images, which generally show 
only two copies of the SNARE core complex 
bringing the vesicle and target membranes 


together for fusion. One must wonder how 
the components of the core complex can 
locate one another in the protein tangle pre- 
sented by the syntaxin cluster. How many 
SNARE core complexes are necessary for 
docking and fusion? Do the interactions pro- 
ceed in the coordinated, structurally attrac- 
tive manner of textbook cartoons? The 
impressions gained from the report by Lang 
and co-workers will be influential in desig 
ing experiments to answer these questions. 
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The Oldest Fossil or 
Just Another Rock? 


John M. Eiler 


he history of the past $42 million years 
T: fe on Farth can be read from shells, 
bones, teeth, and leaf casts preserved in 
the zoological record. For the preceding 4 bil- 
lion years, more subtle clues, such as remnants 
of microbial cells, biomolecules, and the 
impressions eft by soft-bodied organisms, may 
be preserved in sedimentary rocks, But in sedi- 
‘ments deposited in the first billion years of 
Earth history, these traces have been destroyed 
by metamorphism (recrystallization without 
‘melting, often accompanied by reaction and 
chemical exchange). Here. the only widely ree- 
ognized evidence for life comes from measure- 
ments of carbon isotopes in kerogen and 
graphite (/). Because metabolic carbon fixa- 
tion discriminates against 8C, the 8C/2C ratio 
in biogenic carbon is ~3% lower than in inor- 
zanic carbon. This signature can be preserved 
through metamorphic processes that destroy 
microfossilsand biomolecules. 

In 1996, Mojzsis er al. reported the oldest 
indications of life on Earth to date (2) in a rock 
collected froma patch of intensely folded andl 
metamorphosed quartz-rich rocks on Akilia, a 
tiny, barren island off the southwest coast of 
Greenland. The authors suggested that these 
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‘quartz-rich rocks are banded iron formations 
(a type of iron-rich marine sediment) de- 
posited more than 3860 million years ago, and 
that at least one of them contains 8C-poor 
- Rocks 
y this old from elsewhere also contain 
epleted carbon (I). 

The graphitic, quartz-rich rocks on Akilia 
have been widely discussed and intensely 
scrutinized. Much of this scrutiny has been 
ctitical and has eroded confidence in the orig 
inal finding (3-1/7). But this year, the authors, 
of the original study have punched back in a 
pair of papers (/2, 13) that address the erities’ 
most serious charges. 

The ages of old, metamorphosed sedi- 
ments can be constrained through isotope 
dating of igneous rocks that cut through, or 
contain inclusions of, those sediments, The 
originally reported age of the Akilia quartz~ 
rich rocks [(2) and references therein] was 
based on the isotopic age of the mineral zir- 
con in such a cross-cutting granitoid (an 
igneous rock rich in quartz and feldspar), 
But these zircons could be minerals from an 
unknown older rock that were entrained in 
the igneous rock while it was still liquid (3). 
It has also been suggested that the intense 
deformation undergone by nearly all Akilia 
island rocks prevents confident identifica- 
tion of places where granitoids cross-cut 


Recent evidence strengthens the case for signs 
of ancient life in rocks from Akilia, Greenland, 
‘but important questions remain, 


older voleanic or sedimentary rocks (4). 

Manning et al. (12) refute the first criti- 
cism by showing that the trace-element con- 
tents of the suspect zircons (redated at 3820 
10 3840 million years ago) are consistent with 
them having crystallized from their host 
rocks; thus, atleast some granitoids on Akilia 
very likely are as old as originally claimed, 
The authors also strive to address the second 
critique, but against long odds: No eto 
cutting relations between granitoids and the 
quartz-rich rocks have been observed. In 
some places, granitoids to cross-cut voleanic 
strata that are part of the sime original set of 
strata as the quartz-rich rocks, providing a 
minimum age for the whole stratigraphic sec 
tion, However, even these cross-cutting rela- 
tions are partially obscured or otherwise 
ambiguous, Barring discovery of further 
cross-cutting relations, itis difficult to fore- 
see how this part of the debate can be more 
definitively resolved. 

Even if the Akilia rocks are as old as origi 
nally suggested, itis not obvious that any of 
them are sediments that could contain primary 
deposits of organic matter. Akilia istand is 
largely composed of metamorphosed vol- 
canic rocks and the granitoid that appear to 
intrude them: the thin layer of quartz-rich 
rocks isan anomaly (/2). Moreover, the one 
sample of quartz-rich rock in which "\C-poor 


graphite has been found (2) dif- 
fers in mineralogy and trace ele 
ment composition from subs 
quently collected quartz-rich 
Akilia rocks (5, 12). The original 
sample resembles banded iron 
formations elsewhere in Greenland, 
butthe rest of the quartz-rich unit does 
not(5, /2). Fedoand Whitehouse have 
suggested that the compositions of 
most quartz-rich Akilia rocks are 
more consistent with voleanic rocks 
that underwent metasomatism (chem 
ical modification during metamor- 
phism) (//). If this is correct, then the 
earbon was added to the rocks after 
they formed, is younger than origi- 
nally claimed, and may not be biolog- 
ical in origin. 

Attempts to determine the origin 
of quartz-rich rocks on Akilia 
through isotopic “fingerprints” that 
only occur in sedimentary rocks have 
ttiven mixed results, Sulfides in these 
tain anomalous deficits in 
plying. photochemical pro- 
cessing in the atmosphere and thus 
formation of the host rock at or near 
the Earth surface (14), However, itis unclear 
how or when this sulfur was incorporated in 
the rocks. Also, one of the attempts to repli- 
cate this result found no 9S anomaly (6). The 
iron isotope composition of Akilia quaartz-rich 
rocks is unlike that of fresh igneous rocks and 
resembles that of real banded iron formations 
(/5). However, metamorphic and metaso- 
matic processes could have modified the iron 
isotope compositions of the Akilia rocks, so 
this result does not prove a sedimentary ori- 
in, The silicon isotope compositions of the 
Akilia rocks are similar to common igneous 
nd metamorphic rocks and tack the Si 
depletions of banded iron formations (7). The 
Akilia rocks are enriched in "40 relative to 
common igneous rocks, consistent with se 
‘mentary origins (/2), but far less so than in 
other Archean quartz-rich sediments (16); 
these data also permit metasomatic origins. 

Manning ef al, (12) show that the quartz- 
rich rocks on Akilia have the same deforma- 
tion history as adjacent metamorphosed vol- 
eanie rocks and were not formed by addition 
of SiO, to igneous rocks. Furthermore, if the 

which 
SiO,-rich fluid flowed, then the walls of that 
pipe should contain specific metamorphic 
minerals; the latter are not observed. These 
arguments weigh against a metasomatic oni- 
agin but do not prove a sedimentary origin. The 
only clearly demonstrated point is that the 
Akilia quartz-rich rocks are peculiar: They do 
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unit, The fi 
Photomicrograph of an apatite crystal from sample G92-197b of 
the quartz-rich unit. The field of view is ~30 um across. The 
‘white arrows indicate inclusions identified as graphite (23). 


peae. MA apatite-hosted 1 


‘Signs of early life? In this photograph from Akiliaistand, the 
light gray, finely banded rocks are a quarte-rich unit that some 
interpret as a marine sediment (2, 12, 14, 15). The dark gray 
bands are metamorphosed volcanic rocks. The field of view is ~5 
1m across. (Upper right inset) Hand specimen of the quartz-rich 


dof view is ~10 cm across. (Upper left inset) 


not closely resemble common sediments (they 
are clearly not normal banded iron forma 
tions), nor do they fit the expected properties 
of metasomatic veins, Manning ef als sug- 
gestion that they are metamorphosed marine 
sediments (/2) is the most reasonable and 
detailed hypothesis to date. 

The 4C-poor graphite found in Akilia 
rocks was originally described as inclusions 
in apatite, a calcium phosphate mineral (2) 
However, this association was not clearly 
documented, Two independent searches for 
graphitic inclusions in apatites from Akitia 
rocks (8, 9) failed to find a single crystal of 
graphite in hundreds of investigated apatite 
crystals, including dozens from the same rock 
reported on by Mojzsis et al. (2). These stud- 
ies refute Mojzsis et als assertion that 
inclusions are not only present but ubiquitous 
(2. 10) and raise the possibility that the origi- 
nal discovery was an artifact. 

McKeegan er al. have used! Raman confocal 
spectroscopy to make three-dimensonal images 
of carbonaceous inclusions in Akilia apatites 
and to establish that the inclusions are graphil 
(3). This method is less prone to false negative 
results than the previous approach of polish 
into each grain until a graphitic inclusion is 
exposed atthe sample surface. lon microprobe 
measurements of the newly found graphitic 
inclusions demonstrate that they are poor in 5C 
(/3), as originally claimed. This new report 


appears definitive, although it remains difficult 


PERSPECTIVES i 


to understand why the two inde- 
pendent searches did not find 
inclusions (8, 9). Perhaps 


least one Akilia quartz-rich rock 
but is less common than origi- 
nally suggested 

These newest papers (12, 13) 
revive hope that Akilia rocks 
could contain the first known 
record of life on Earth, but ambiguities 
remain. First, most efforts to understand the 


origin of the quartz-rich rocks by means of 


isotopic or trace-clement signatures omit min- 
eral-specific or in situ data, More data of this 
kind might untangle the primary, metamor- 
phic, and metasomatic influence: 

Second, the sample in which low-!3C 
graphite was discovered is unlike other rocks 
recovered from the quartz-rich unit on Akilia, 
Fedo and Whitehouse have suggested that this 
sample was collected “out of place” (7) 
pejorative geologist slang for rocks that ane 
not attached to their outerops. Confidence in 
the discovery would be improved if more 
rocks closely resembling this sample were 
newly collected from outcrop. 

Finally, the quartz-rich rocks on Akili 
underwent several periods of metamorphism 
Jong after they were originally deposited, The 
apatite in these rocks (and the flakes of graphite 
they contain) may have recrystallized, reacted, 
and/or undergone chemical exchange during 
these events (9, /0). Thus, the carbon in these 
rocks—whatever its origin—may have been 
introduced at some unknown time after deposi- 
tion. This may be the greatest hurdle to upgrad- 
ing Akiliagraphites from the oldest suggestion 
oflifeon Earth to the oldest evidence 
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The Experimental Induction of 
Out-of-Body Experiences 


H. Henrik Ehrsson 


‘nout-otbody experience (OBE) has been 
A ned as the experience in which a per- 
son who is awake sees his or her body 


fiom a location outside the physical body (/, 2). 
OBES have been reported in clinical conditions 


A 


Fig. 1. (A) The setup used to induce the out-of-body illusion. (B) The SCRs from the 12 participants when the 
‘Mean values and standard deviations (error bars) are presented, 


illusory body was “hurt.” 


that disturb nommat brain functioning, such as 
strokes, partial epileptic seizures, and drug abuse 
(7-4), Here, [report that this illusory experience 
can be induced in healthy participants {report a 
perceptual ilasion in which individuals experi 
cence that their center of awareness, or “Sef,” is 
located outside their physical bodies and that they 
Jook at their bodies trom the perspective of another 
person, This illusion demonstrates thatthe sense of 
boing localized within the physical body can be 


fully determined! by perceptual processes, that is 
by the visual perspective in conjunction with 
stimulation on the body 


multisenso 


that were connected to two video caments placed 
side by side 2 m behind the participant 
(Fig. 1A), The images from the lett video 
‘were presented on the left eye display and the 
images from the right eamera on the right display. 
“Thus, the person would sce his or her back with 
the perspective of a person sitting behind him or 
her with stereoscopic vision. The experimenter 
stood just beside the participant (in their view) 
‘and used two plastic rods to touch simultancously 
the person’s actual chest, which was out of view. 
and the chest of the “illusory body.” by moving 
‘one rod toward a location just below the cameras 
in view (5). 
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After 2 min of stimulation, the participants 
e asked to complete a questionnaire on which 
they had to affirm or deny 10 possible peroeptual 
effects with a seven-point visual analog scale 
Thice statements were designed 10 capture the 


p<0.013 


Mlusion 
Condition 


experience of the illusion, and the other seven 
served as controls for sugwestibility and task com- 
pliance (SOM text). The paicipantsaffiamed iF 
Jusion statements and denied the controts, and the 
difference in ratings was significant [P< 0.0001, 
Fil, 170) = 189.92, P< 0.00001 (fig. SI and 
SOM text)}. Thus, the participants reported the 
experience of sitting behind their physical bodies 
nd looking at them from this location 
hypothesized that the illusion is caused by 
first-person visual perspective in combination w 
the comelated visual and tactile information from 
the bod. To test this and to provide objective 
evidence for the illusion, 1 registered the skin- 
conductance response (SCR) as a measure of the 
‘motional response when the illusory body was 
“hurt” by hitting it with hammer after a period of | 
stimulation (SOM text), compared the illusion 
condition (with synchronous touches) to an 
asynchronous condition in which the person's real 
‘and illusory chests were touched altematingly. 1 
observed significantly greater threat-cvoked SCR 
after the illusion condition (P <0.013: paired est) 
(Fig. 1B and SOM text) and stronger ratings ofthe 
illision (P < 0.05: paired # test) (SOM text). A 
control experiment was conducted to rule out that 
the SCR difference was due to a conditioned re- 
sponse after a period of synchronously presented 
stimuli (SOM text, experiment 3). The observed 


Asynchronous 


SCR difference provides objective evidence that 
the participants were emotionally responding as if 
they were located behind their physical bodies 
“The present illusion is fandamentally important 
because it informs us about the perceptual processes 
that underlie the sense of being located inside the 
body. There are two key components 10 this pro- 
‘cos. Fint, visual information ffom the 
perspective provides indirect 
Jocation of one’s own body in the environment (6) 
‘The firs-person visual information also updates the 
proprioceptive representations and defines the 
‘of the body-centered reference frames that are 
used to represent near-personal space (7, 8). The 
second key factor is the detection of 
‘correlated tactile and visual events on 
the (illusory) body. Multisensory 
‘correlations are known to be impor 
tant for selEattribution of single body 
parts in near-personal space (9, 10) 
Thus, these correlations, in eonjune- 
tion with the first-person visual per- 
spective, are sufficient to determine 
the perceived location of one's own 
whole body. This finding represents 
4 fundamental advance because the 
natural “in-body experience” forms 
the foundation for self-consciousness 
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Mesoscopic Phase Coherence in a 
Quantum Spin Fluid 


Guangyong Xu,1* C. Brohotm,}? Yeong-Ah Soh,* G. Aeppli,® J. F. DiTusa,é Ying Chen? 
M, Kenzelmann,*? C, D, Frost,’ T. Ito, K. Oka,® H. Takagi®? 


Mesoscopic quantum phase coherence is important because it improves the prospects for handling 
quantum degrees of freedom in technology. Here we show that the development of such coherence 
an be monitored using magnetic neutron scattering from a one-dimensional spin chain of an 
oxide of nickel (Y,8aNi0,), a quantum spin fluid in which no classical static magnetic order 

{s present, In the cleanest samples, the quantum coherence length is 20 nanometers, which is 
almost an order of magnitude larger than the classical antiferromagnetic correlation length 

of 3 nanometers. We also demonstrate that the coherence length can be modified by static 
and thermally activated defects in a quantitatively predictable manner. 


erfectly periodic in space and time. scattering from a 1D spin chain, in the form of an 

.Quantum-mechanical phase coherence oxide of nickel, and that itis limited by static and 
‘means that the corresponding wave function is thermally activated defects. 
actually a coherent wave. Typically, though, One of the best-known magnets that remains 
classical disonder limits quantum phase coher- disordered because of quantum fluctuations is a 
ence. The occasions where this is notthe ease and chain of integer spins coupled antiferromagneti- 
the quantum phase coherence length far exceeds cally (that is, favoring antiparalle! alignment) to 
that given by classical considerations remain a their neighbors (6, 7). The two-spin correlation 
‘major theme of physics. The longstanding exam- function (S)~S,), where and are site indices of 
pies are superconductivity and superfluidty, in the spins, decays exponentially with large 
\Which macroscopic quantum phase coherence (/) 
has been revealed by persistent current and 
Josephson junction experiments (2, 3). The 
eflacts of phase coherence have ako been seen 
recently in the incompressible quantum fluid 
phase of two-dimensional (2D) electron gas (4) 
and in a lasercooled Bose-Einstein condensate 
(5). Curiously, although magnetism itself isa 
quantum mechanical phenomenon, originating 
from the shell model of the atom, mesoscopic (in 
the sense of extending over distances in excess of 
10 nm) quantum coherence in the absence of po (meV) 
classical static order has not been explicitly 

for a magnet. We show that the 


A wave is deemed coherent when it is monitored with the use of magnetic neutron 


development of such coherence can be readily 15 
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distances | ~/' between spins S, and S, in the 
chain as in a 1D liquid: whereas in a classical 
magnet, static correlations per 
scopic length scales when the system orders 
Even so, theoretical work has shown that the 
ground state is coherent in the sense that the 
‘more complex “string” correlation function (8), 
OF-7') = (S; explinE jercp S19), tends to a 
constant (9) for j — —+ 2. A simple way to 
understand the string order is to look at the spin 
cchain in terms of the spin-pmojection quantum 
numbers S° = -1, 0, and *1 at individual sites. 
Correspondingly, for S = 1, the basis states are 
1), which has clear classical analogs and can 
be used to build a perfect Néel state). Ie Te1, 
Te-ly lesa) for the chain, and (0), which docs 
ot. String order is carried by states where sites 
With 5¢ = Oare inserted into the perfect Néet state 
(Fig. 1B), A good approximation to the ground- 
state wave function forthe Heisenberg SI chain 
isa coherent supemosition of all such 
a weighting factor that decreases exponen 
with the number of 0) sites (/0). In general, long 
range quantum coherence is believed to exist in 
all 1D systems with spectral gaps (//), 
For the spin-1 chain, the lowest excited stale 
above the ground state entails inserting a defect 
into the string order. The defect can propagate 
throughout the lattice (Fig. 1) until it en= 
‘counters another defeet, and so will havea mean 
fice path limited by either static defects, such as 


ist over mucro~ 


Fig. 1. (A) Map of the 
dynamic spin-correation func 
tion multiplied by energy for 
the 10 spin-1 chain ¥2BaNiOs 
at low temperature (T= 10 ¥), 
(B to F Diagrams of the string 
‘order in the spin-2 chain, The 
red, blue, and gray. spheres 
represent sites with Sof 1,—1, 
and 0, respectively. Chemical 
impurities are represented by 
large black spheres (Mg). (B) 
= 1 chain at T= 0 and no 
‘chemical impurity. (C) One 
triplet wave packet propagat- 
ing on the chain, (0) At T> 0, 
triplet wave packets act as 
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‘each other into boxes. (E) Box 
confinement by Ca impurities, 

‘ which introduce holes (indi- 
Sse ‘ated by small black spheres) 
into the chain and cause 

neighboring spins to form 
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chain terminations (/2, 13) (Fig. 1, E and F), or 
other moving, thermally excited defects of the 
‘same type (Fig. 1D). Thus, the coherence of the 
sgTound state should be manifested in the mean foe 
path of its triplet excitations. By imaging these 
eXcitations and their mean free path using inelastic 
neutron scattering, we can establish the perfection, 
or quantum coherence, of the ground state. 

Neutron scattering measures the Fourier 
transform S(q,o) in space and time of the 
magnetic correlation function (S40) - S(). The 
“experiments were conducted on single crystals of 
‘Y2BaNiOs, which contain an ensemble of spin-1 
chains formed by the O-Ni-O backbone of 
comerlinked NiO, octahedra (/4, 15). The 
system behaves as a quantum spin liquid because 
of the 1D nature of the magnetic interactions. 
‘That this liquid is not a conventional classical 
liquid, however, is clear from Fig. 1A, which 
shows the full dynamical structure factor S(g.o), 
multiplied by energy transfer heo, for Y2BaNiOs. 
Instead of broad overdamped excitations, which 
‘soften toward zero energy as the ordering vector 
(qin this case) forthe comesponding classical 
solid is approached, a gapped band of well- 
defined modes dominates the data, The lowest- 
‘energy mode appears at q = x, and its enengy is 
termed the Haldane gap (6, 7). Alhough S(q.o) 
from chemically doped YsBuNiO. is qualitative- 
ly similar, there are important differences (lig. 
$1). Our paper focuses on characterizing the 
mean free path and energetics of the lowest 
energy Haldane gap mode. 

The temperature (7)-dependent equal-time 
spin correlation length &) is shown as open circles 
in Fig. 2. &) is inversely proportional to the peak 
width of the equal-time spin correlation function 
S(q) = Lyp(S/Sp)explig’i-/')). which in 
the T—+0 limit dircetly displays the magnetic 
correlations built into the ground state, S(q) is the 
magnetic analog of the structure factor measured 
by x-rays for onlinary liquids. Represented by the 
‘open citekes in the insets of Fig. 2, A and B, Sig) 
has a maximum at g = x, indicating that the 
underlying classical solid is antiferromagnetic 
(AFM) where each spin points in a direction 
opposite to that ofits two nearest neighbors. The 
peak width, however, does not vanish even as 
T+ O,and the corwlations between spins remain 
liquidlike for 7 —+ 0, as anticipated by Haldane 
(6, 7) and scen experimentally in several S = 
| chain compounds (/4, 16-18), The dash-dotted 
line in Fig. 2 is the prediction of the quantum 
nonlinear 6 model (1%), which is valid only for 
T<Mhk is the Haldane gap. 

‘The solid circles in the inset of Fig. 2 are the 
magnetic structure factor measured as a function 
of q with the energy transfer fixed, at the 
Haldane gap energy for insets A and B and at 
36 meV for inset C. The peak approaches a 
resolution-limited delta function at low temper- 
ature (inset A). Because we have tuned to the 
gap energy, the process probed is the creation of 
a triplet wave packet at rest. The intrinsic width 
{half width at half maximum (8g)] of this peak is 
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therefore inversely proportional to the distance 
over which the triplet retains quantum phase 
eoherence. The data show that 89 = 0.007x, 
implying phase coherence over approximately 
30 lattice units, which is much longer than the 
‘measured correlation length for AFM onder Eo. 
The experiment thus provides direct evidence 
for mesoscopic coherence in the spin-1 chain. 
The peak broadens significantly when the sam- 
ple is warmed (inset B) or doped by chemical 
impurities (inset C), indicating that quantum co- 
hherence in this system requires low temperatures 
and perfect crystallinity, The two length scales 
obtained from the 1wo types of g scans vary 
differently with 7; At high 7, the lengths con- 
verge to nearly the same value. In contrast, as 
T—0, the mean free path for the Haldane gap 
excitation nearly diverges even while the 
AFM length Zp approaches a finite value. The 
AFM length is the distance between defects in 
the AFM onder, which at 7™= 0 is simply the 
typical distance between sites with S* = 0, Such 
defects do not disrupt string onder, On warming, 
excitations in the form of ferromagnetic neigh- 
bor pairs with S* both equal to *1 or ~1 will 
also appear, and these disrupt not only antiferro- 
‘magnetism but the underlying string order as 
well. Classical (gapless) AFM chains (20-22), 
such as the Mn®" (S = 52) chain compound 
TMMC (20), behave very diflerently from 
‘BaNiOs in the sense that a single distance, 
namely the equal-time correlation length &, sets 
the seale for both the static and dynamic 
comelations, 
Detaiked analysis of thermal conductivity 
provides estimates of the magnetic mean free 
pth in various spin chains and ladders (23), The 


results (24) for Y3BaNiOs differ considerably 
from our direct measurements in the sense that 
they pass through a strong peak of 15a at 100 K 
and rapidly decrease below that, with a value of 
Ja.at 70K the lowest temperature at which there 
was confidence in the measurements. The 
discrepancy with our results is not surprising 
given the indirect nature of the thermal cond 
tivity measurements as well as the fet that the 
Jower-temperature magnctothenmal properties of 
= chains are dominated by the effective spins 
‘ofchain ends rather than the tipket excitations of 
the entire chain segments, 

‘To quantify the effects of chemical impurities 
‘on quantum phase coherence, consideran excited 
triplet wave packet on the chain. At low temper- 
‘atures, the population of such wave packets is 
relatively low and they can travel almost freely 
before encountering a physical impurity, such as 
‘a chain end caused by a chemical defect 
Correspondingly, the mean free path is on 
average half of the spin chain length, To obta 
aan independent measure ofthe litter, we recalled 
specificcheat work (25) on Y2BaNiOs, which 
showed the residual S = 1 degrees of freedom 
‘expected for chains containing oxkd numbers of 
Ni atoms (/0, 13, 26), The outcome was 4 Curie- 
like de magnetic susceptibility C7, which we 
measured for the nominally pure material using 
superconducting quantum interference device 
magnetometry. The resulting Curie constant C 
gives an average impurity concentration of ~1.5%, 
‘or a mean distance ( of ~70 lattice spacings 
between chain breaks, which is, within error, 
‘consistent with twice the zero-T coherence length 
measured in our inelastic neutron-seattering 
‘experiments. The same is true for our deliberately 


Fig. 2. Equaltime correlation 
length So (open symbols) and 
magnetic phase coherence 
length 5 Gold symbols) for the 
‘1D spin-1 chain Y2BaNiO,, a 
measured with inelastic mag- 
‘netic neutron scattering (nse. 
Lines are theoretical. results 
described in the text. (A) Low 
temperature structure factor 
data obtained forthe equal-time 
spin correlations (/ko > 8 meV) 
(open circle), and the bottom of 
the Haldane continuum at fo = 
75 meV Gold cides, where 
instrument resolution is shown 
a the red horizontal bar) in a 
rominally pure sample. Fits to 
such data produced the main 
frame data points as described in 
the supporting online material 
(8) Higher-temperature data in 
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doped (with Ca and Mg) samples. The coherence 
lengths extracted from samples with nominal Ca 
doping of 4% and 10% (Y2.Ca,BaNiOs) and 
Mg doping of 4% (Y2BaNiy«Mg,Os) were 1), 
(1), and 10(1) NiNi spacings @, respectively, 
which is consistent with the scenario suggested 
above, for which 2/a = Vx. 

With increasing temperature and therefore 
triplet population, the mean free path will be 
limited by both thermally created defects and 
‘chain ends. In keeping with the physical picture 
developed above, the coherence length should 
approximately match half the inverse density 
ofall (chemical and thermal) defects Sa = [x * 
p(T} 12. Herep(7) = 3y/'atbexp(—*/kur) 
is the thermal triplet density (27) and y= 70 meV 
is the triplet velocity (/4), The comesponding 
solid line in Fig. 2 shows that this model provides 
an excellent description of the Tadependent 
quantum coherence length. 

Another consequence of the above picture 
should be a finite temperature blue shift as triplets 
confine each other into boxes. In other words, 
quantum mechanics acts not only o produce the 
singlet Haldane ground state and the associated 
Bap to triplet excited states, but also gives quan- 
tum particlelike properties to the excited states, 
including kinetic quantum confinement contri 
bution. Instead of being created with enemy A, 
the triplet is created with an additional kinetic 
nergy given by the curvature of the dispersing 
mode shown in Fig. LA, associated with a quasi- 
particle of nonzero momentum g ~ US. Such a 
quantum contribution is found on warming as 
well as doping, where the quantum confinement 
is duc to fixed boundaries. Experimentally, others 
have also noticed the thermally induced blue shift 
for YaBaNiO, (28) as well other Haldane 
systems (17, 29, 30). 


Fig. 3. (A) Haldane gap 
energy, and (B) half width of 


Figure 3, A and B, show the temperature 
dependence of the mean triplet energy (A) and 
the half-width at half-maximum HWHM (AT) 
of the triplet, assuming Gaussian or Lorentzian 
spectral functions, respectively. The measured 
Haklane gap (see also fig. S2) moves to higher 
energies on warming, which is exactly the 
thermal blue shift anticipated. The enengy width 
of the triplet excitation in the T—+ 0 limit is 
resolution-timited, imposing an upper bound of 
AT = 0.1 meV on the excited-state relaxation 
rate. This means that the lifetime of the triplet 
is>10" s implying a quality factor for the tip- 
Jet oscillations Q = A/AT > 100. This represents 
the langest (by an onder of magnitude) bound on 
Q reported to date for an S = chain. When we 
introduce excited states through wamning, the 
WHIM increases, thus providing evidence for 
‘an increasing triplet relaxation rate, which goes 
hand in hand with the reductions in mean fee 
path discussed above. 

Although the quantum nonlinear mode! 
(19) provides a reasonable prediction for the spin 
correlation lengths, it severely overestimates the 
thermal blue shift (the dash-dotted fine in Fig. 
3A). A more successful approach exploits Monte 
Carlo calculations (37), which provide the T= 0 
ap energy due to finite chain confinement. By 
using twice the coherence length § obtained in 
Fig. 2.as the size of the confinement “box” (top 
seale in Fig. 3A), the gap energies can be 
calculated and plotted as the blue solid fine in 
Fig. 3. The agreement between experimental data 
and the parameter-free calculation is tly 1e- 
markable. It is also worthwhile to note that 
introducing chemical impurities is another ap- 
pPmach to ereating the same quantum confine- 
ment effect. Average gap enengics for 4 and 10% 
Cadoped and 4% Mg-doped Y2BaNiOs are 
extracted from measurements done at base tem- 
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the excited triplet mode mea 
sured at different temperatures 
for YaBaNiOs. The open and 
solid circles are results from 
assuming Lorentzian and Gaus- 
sian spectral functions, respec- 
tively, which the data do not 
distinguish, The tines in (A) are 
model calculations described 
in the text. The dashed line in 


(8) isa parameter-free theoret- 
ical result 27), The diamonds are 
gap energies derived from mea- 3 
surements at base temperature 

on Ca (red) and Mg (green 
doped samples (concentration ») 
and placed according to 23/0 = 
‘Uk of the top scale in (A), which 1 
indicates the effective thermal 
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the dashed line in Fig, 2), re 
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perature and plotted as diamonds in Fig. 3A, 
Which agree very well with the calculated gap 
‘energies based on 2E/a = I/s, 

Although we have described all of our 7: 
‘dependent data in terms of a very simple model 
whose underlying driver is thermal activation 
‘across a gap 10 triplet formation, itis important 
to realize that this model is largely phenomeno- 
logical. Fortunately, there isa rigorous formula- 
tion, with similar conclusions, duc to Damle and 
Sachdev (27), whose finite temperature theory is 
‘asad on a semiclassical treatment of scattering 
between triplet excited states witha temperature- 
independent quadratic dispersion relation, Al- 
though this parameter-free theory docs not 
‘account for the thermal blue shift, it determines 
the triplet lifetime and leads to the phe- 
nomenological expression for § in the clean 
Timit (x = 0), in impressive agreement (dashed 
lines in Figs. 2 and 3B) with the data, 

(Our experiments have shown that although 
‘quantum spin chains with a gap have a finite 
‘equal-time spin correlation length, the coherence 
fof excited states at low temperature is 
‘only by quenched disorder, At finite 
‘atures, the coherence length decreases and the 
‘excited states acquire a finite mean free path due 
to collisions with other excitations. Both effects 
‘are quantitatively accounted for by a semicl 
sical theory of triplet wave packets scat 
from each other and from defects in the sample, 
This demonstration of mesoscopic phase coher- 
‘ence in a magnet adds a fifth exampke—the other 
four are superconductors, superfluis, fractional 
‘quantum Hall states, and optically confined Bose- 
Einstein condensates~to the list of systems in 
which quantum phase coherence has been dem 
‘onstrated in the absence of classical onder. 
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Electron-Induced Oxygen Desorption 
from the Ti0,(011)-2x1 Surface Leads 
to Self-Organized Vacancies 


Olga Dulub,* Matthias Batzill,? Sergey Solovev,” Elena Loginova,” Alim Alchagirov,* 


‘Theodore E, Madey,” Ulrike Diebold** 


When low-energy electrons strike a titanium dioxide surface, they may cause the desorption of surface 
‘oxygen. Oxygen vacancies that result from irradiating a Ti03(011)-2x1 surface with electrons with an 
energy of 300 electron volts were analyzed by scanning tunneling microscopy. The cross section for 
desorbing oxygen from the pristine surface was found to be 9 (+6) x 10°” square centimeters, which 
‘means that the initial electronic excitation was converted into atomic motion with a probability near 
tunity. Once an O vacancy had formed, the desorption cross sections for is nearest and next-nearest 
‘oxygen neighbors were reduced by factors of 100 and 10, respectively. This site-specific desorption 
probability resulted in one-dimensional arrays of oxygen vacancies, 


esomption of atoms or molecules can 

ble to overcome the potential barticr 
that forms the surface bond, Often this process 
occurs through thermal routes and the barrier is 
overcome through vibrational energy, but elec- 
tronic transitions induced by photons or particles 
(typically electrons or ions) can lead to rapid 
desorption when the atom or molecule is excited 
twa higher-energy configuration that is repulsive 
in nature. This desomtion induced by electronic 
transitions (DIET) has important fundamental 
and technological applications (J, 2). DIET: 
related phenomena must be taken into account 
in areas as diverse as the modification of semi- 
conductors (3), the radiation damage of optical 
materials (4, 5), nuclear waste storage, and 
planetary science (6, 7). By using the tip of a 
scanning tunneling microscope (STM) as an 
electron source, such processes can be used for 
the electronic control of single-molecule dynam- 
ies (8-10), 
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Central to DIET phenomena is the efficient 
conversion of an initial electronic exeitation into 
the motion of an atom. One of the earliest 
proposed mechanisms (//, 12) invokes a Frank- 
Condon excitation of an adsorbate toa repulsive 
Potential encrgy curve; under strong excitation 
conditions, such excitations can also be achieved 
bby multiple electronic transitions (DIMET) (/3), 
Desorption will occur only if the electronic 
excitation is long-lived and the nucleus starts to 
‘move before the excitation is quenched. Under- 
standing the basic physics that quenches such 
excitations is important for technical applica- 
tions, for example, in processes that convert solar 
energy into chemical reactions or electrical 
energy (14) oF in contamination of optical ele- 
‘ments in extreme ultraviolet lithography applica- 
tions (15). 

DIET processes differ from thermal de- 
soption in several important ways. Surface 
species undergoing thermal desomption are clase 
to equilibrium in thatthe vibrational energy can 
redistribute rapidly relative to the time scale of 
breaking surface bonds. Thermal desorption usu- 
ally involves neutral species, but the much higher 
energies available in DIET processes. allow 
changed species to Ieave the surface and over- 
come attractive forces, and cascading electron 
transfer processes can kad to desorption of 


anions, cations, metastables, and ground-state 
neuitals. Because thermal desomption processes 
‘arercar to equilibrium, the effect ofa desorption 
‘event on the remaining. surf 


and randomize vacancies ereated by desor 
In DIET processes that occur far from equilibri- 
tum at low temperature, a vacancy created by 
desorption remains localized and cannot diffuse. 
‘One might expect that such immobile DIET- 
ies would be randomly arrayed 


We have investigated one of the canonical 
materials for studying DIET processes, TiO, and 
\we find highly unusual and unexpected behavior 
for vacancy distributions on the (21) temina- 
tion of TiOx(11): Electron bombardment leads 
to formation of vacancy clusters, one-dimensional 
arrays of O vacancies, Why? Although the ini- 
tial probability for 0" desorption and the forma- 
tion of an O vacancy is nearly unity, the creation 
‘of vacancy markedly decreases the desorption 
probability of its nearest-neighbor and_next- 
nearest-neighbor O atoms, The surfiee charge 
that accompanies defect formation must be the 
factor causing desorption probabilities to 
change so greatly. 

SelForganization can be achieved where an 
initial process controls. subsequent events. A 
string of such interrelated events can then lead 
to pattem formation, The unexpectedly high al- 
{eration of the desorption probability. upon for- 
mation of an © vacancy is an example of this 
phenomenon: the inital desorption event is re- 
sponsible for the selForganization of subsequent 
defects, This process should apply generally to 
DIET processes. Consequently, the formation of 
well-defined O-vacancy pattems must be taken 
into consideration in the radiation damage of 
insulating surfaces and can be used to enhance the 
‘chemical reactivity of DIET-modified surfaces, 

‘We have investigated the effects of electron 
irradiation on TiO2 not only because it has been 
‘a model system for DIET processes, but because 
it is a very promising material for solar enc 
‘conversion; it is also the prototypical material 
for fundamental studies of metal oxide surfice 
reactivity (/6, 17), Its chemical, electronic, and 
‘optical properties depend strongly on the pres- 
cence of steps, vacancies, and other surface defects 
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(18), tt was recognized early on that electron 
induced DIET processes remove oxygen from a 
TiO> surface (19). This allows control of the for- 
‘mation of © vacancies and modification of the 
surface reactivity on TiO3 (20, 21). 

Knotek and Feibelman (K-F) proposed a 
mechanism for O° desorption from TiO> and 
other maximal-valence oxides (such as V20s, 
WOs, and NiO) (19). Their model is based on 
the ing observation that the threshold 
energy for the electron-stimulated desorption 
(ESD) of O* from TiO: comesponds to the ex- 
ion enengy ofthe Ti 3p core hoe. To rational 
ize the formation of an O” ion ftom a (formally) 
OF species in the oxide lattice, it was proposed 
that the Ti core hole is filled with electrons from 
© 2p orbitals via an interatomic Auger process 
from a neighboring O atom, (It was angued that 
intriatomic Auger process, which is usually 
‘much faster, is not possible when the Ti 3d band 
is empty.) If three electrons escape from the 
oxygen, for example, in a double Auger decay, 
the OF jon becomes O°. This O° ion can be 
jected from the surface by Coulomb repulsion 
from the surrounding Ti* lattice ions 

‘The invoked double Auger decay is not a 
very likely process, however, and the K-F moe! 
ignores the high degree of covaleney in TOs 
(22) and many other transition metal oxides. 
Indeed, recent photo (Auger)-electron/ion co 
incidence spectroscopy measurements on TiO 
(110) indicate that the K-F mechanism needs to 
be refined (23), because a Ti atom’s initial and 
final states—before and after the core-hole ex- 
ion, respectively-—contain mixtures of elec- 
tron configurations that have one or more holes 
in a neighboring O atom. To date, there exists 
little information about the distribution of the 
© vacancies that result from electron irradia- 


Fig. 1. (A) Model of the Ti0,(011)-2x1 surface. 
Titanium and oxygen atoms are represented as 
biack and gray spheres, respectively; the red spheres 
represent one-fold coordinated surface oxygen 
atoms, The arrows in the side view illustrate the 
direction of O* ions when desorbed by an electron 
beam. (B) Experimental pattern of the angular O* 
jon distribution during electron-stimulated de- 
sorption from the Ti0,(011+2xa surface. 
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tion (20), and no information that suggests self 
organization 

We usat STM to evaluate the effect of 
electron beam iradiation on a TiOXO11}-2*1 
surfice, The (21) reconstruction of Ti0,(011) 
is produced by sputtering and thermal annealing 
to 1000 K. This surface is stable and stoichio- 
metric, and its structure has been investigated 
extensively both experimentally and theoretically 
(24, 25), The model of Fig. | is characterized by 
singly coordinated O atoms. Although details of 
bonding in the lowest-energy (21) structure are 
currently undergoing study (26), both STM (F 
2A) and all theoretical models to date confinm 
that O atoms are amranged in double rows with 
Zigzag configuration. Whereas we display this 
structure in Fig. 1A because it appears 10 be 
consistent with experiment, other models with 
‘multiply coordinated O atoms are under evalua- 
tion (26). The desorbing species (O” and some 
1) have been monitored with a time-of-flight 
technique [electron-stimulated desorption ion 
angular distribution (ESDIAD) optics] and a 
quadrupole mass spectrometer, In the ESD 
Process, ions are cjected at discrete angles 
determined by the orientation of the ruptured 
bonds (2). Figure 1B shows the angular 
distribution of O° ions desorbed fom the 
surface. The ESDIAD pattem exhibits two off- 
noma emission lobes symmetric about the 
(OT) direction. 

Heating THO; surfaces in vacuum produces 
© vacancies (17): the concentration of O vacan- 
cies typically amounts to $ to 9% of surface O 
sites for the T103(011) sample used. Such ther- 
‘mally induced defects appear as missing bright 


at 


Fig. 2. (A) Scanning tunneling microscopy images (170 A by 220 A) of a clean Ti0,(011)-2x1 surface. 
Surface O atoms are arranged in double rows with a zigzag configuration; O vacancies appear as black 
spots. (B) The same surface after irradiation with 300-eV electrons, which causes the desorption of 
‘oxygen. Remaining © atoms are mainly arranged in one-dimensional strands along one side of the 
cxiginal double-ow structure, as indicated by green ovals and yellow lines. Small areas that have 
‘maintained the original zigzag configuration are marked with yellow circles. 
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spots on TiO4011}2*1 and do not show any 
apparent ordering (25). The TiOKO11)21 sur- 
face can sustain a large number of O vacancies 
Without restructuring, which allows monitoring 
‘of O desorption over a lange range of defect 
densities. This is different from the extensively 
investigated Ti0.(110) surface (27), which re- 
constructs after a maximum de! 
tion of 10 to 12% is reached (20, 28). Using 
the Ti0,(011)-2"1 surface instead of TIOx(110) 
also has another practical advantage: Surface 
hydroxyl groups, which form readily when w: 
ter dissociates at O vacancies, appear as bri 
atoms in STM (29) and can be clearly distin- 
guished from the black O vacancies om the TiOs 
{011)-2+1 surface, [The similarity of surface OH 
and © vacancies in STM images of Ti0x(110) 
‘can ead to ambiguities (28).] 

After exposure 10 300-cV electrons, ~$5% of 
the surface O atoms had been desorbed (Fig, 2B), 
‘This desorption did not occur in a random fashion: 
Most of the remaining oxygen atoms were lined 
up along one side of the ori 
(yellow lines in Fig. 2B). These single 
strands were up to 12 atoms long, whereas 
patches where the original zigzag ci 
\was preserved were much smaller. The defective 
surface was quite reactive; the very bright spots 
in Fig. 2B were caused by unknown impurities 
from the residual gas of the chamber that reacted 
with the defective surf 

‘The effect of electron irradiation is shown in 
more detail in Fig. 3, B to D. The vacancy co 
centration increased with increasing elect 
dose, up to a defect density of 70% of a 
monolayer (ML). (One monolayer of surface O 
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atoms comesponds to Ng = 4 10" atoms em *.) 
Singlesatom strands were observed for a wide 
range of doses (see Fig. 3 and the sketch of 
empty and filled O sites in Fig. 3G). Above a 
dose of 2.8 * 10'7 electrons cm 7, however, the 
surfiee became disordered in low-enerey elec- 
tron difffaction. Such surface vacaney arrays 
could not be created through thermal desorption; 
indead, heating the electron-bombarded surfice 
to 300°C in vacuo yielded the original, nearly 
stoichiometric surf 

In stimulated desorption a first-order process 
is often assumed, that is, a random removal of 
oxygen with a desorption cross section «that 
does not change throughout the irradiation time. 
Figure 3F shows a Monte Carlo simulation of a 
typical distribution of 55% O vacancies that 
\would result from a constant desorption cross 
section. (From the STM. snapshot and. the 
electron dose in Fig. 3C, a first-order desorption 
yield of one O per 420 incoming electrons was 
assumed.) The simulated arrangement of the 
remaining surfice O atoms is very different from 
the one observed in the experiment (compare 
Fig. 3, Cand G, with Fig. 3F) The characteristic, 
single-strand © rows that remain on one side of 
the original zigzags can only be attributed to a 
change in the desorption probability as vacancies 
are being formed. Moreover, for high densities 
of thermally induced point defects, such long 
single-atom strands were not observed, indicating 
that these do not represent a low-enengy con 
figuration, Hence, electron-stimulated diffusion 
(30) can be ruled out asa cause for the formation 
of the nonuniform distribution of © vacancies. 

A site-dependent desorption process was mexl- 
led with a Monte Carlo simulation (Fig. 3H) with 
throe adjustable parameters. The first parameter 
describes the probability for desorbing the first O 
atom fom the pristine surface. Once a DIET- 
induced O vacancy has been produced, the prob- 
ability for desorbing an O neighbor on the other 
side of the zigzag was reduced by a fctor that 
was treated as the second parameter. One- 
dimensional strands could also be formed if the 
desorption probability foran oxygen neighbor on 
the same side of the zigzag row were increased: 
for some systems, an increased probability was 
indeod observed next to defects (5). Thus, the 
desorption probability for an O neighbor right 
next fo a vacancy was treated a the thind pa- 
rameter in the simulations. As shown in Fig. 3G, 
41 good qualitative agreement can be achieved 
with a desorption yield of 1:20 for the pristine 
surface, which is decreased by one and two 
orders of magnitude for oxygen neighbors ad- 
jacent to and opposite an existing O vacancy, 
respectively. In contrast, an increase in the de- 
somption eross section for an O atom adjacent 10 
aan O vacancy does not result in the correct dose 
dependent behavior. 

To put these simulations on a more queanti- 
tative footing, we analyzed different vacancy 
configurations for a large number of images 
(total area 5 = 10° A) obtained after various 
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electron doses. Atoms in high-resolution STM 
images were binnod in triangles, and three con- 
figurations were considered: (a) triangles with 
one atom filled and two sites empty (these are 
pan of the single-atom strands): (B) triangles 
with three atoms filed (such configurations are 
pan of zigzag patches}; and (y) triangles with 
two atoms filled and one empty; such atoms 


would reside at the edge of a zigzag patch, or at 
«location where single-atom strands cross over 
from one side of a double row to the other side. 
‘The results of a simulation with values of 
Biskytady for the probability of removing the 
first ‘atom, the adjacent tom, and the opposite 
‘atom, respectively, show excellent agreement for 
the density ofthe configurations a and f (Fig. 4A), 


Fig. 3. (A to D) STM images before (A) and after {(B) to (0) irradiation with 300-eV electrons. Electron 


doses and the resulting 


vacancy concentrations (given as percentages of a monol 


er) are (B) 2.3 x 


10° electrons cm*, 35%; (C) 9.2 x 10° electrons cm”, 55%; and (0) 1.8 x 10” electrons cm”, 


70%. (E and G) Sketches of the remaining O atoms (orange) and O vacancies (white circles). 


and H) 


Monte Carlo simulations of O-vacancy configurations corresponding to (F) a random, first-order 


desorption process (with an assumed constant yi 


electrons), and (H) desorption yields of 38: 
vacancy, and an O atom opposite an O vacancy, 


‘of one desorbing © atom per 420 incoming 
for the fist O atom, an atom adjacent to an O 


> 


‘Surface oxygen density (ML) 


fe 


© epeerent 
4 aoa 


os 0s 12 18 
Electron dose (x10"7/em?) 


o 0s os 2 18 
Electron dose (x10!7/em?) 


Fig. 4. (A) Number of configurations of © atoms with two O vacancies (a) and two oxygen atoms (js) as 
‘nearest neighbors, as a function of irradiation with 300-eV electrons. (B) Total number of O atoms on the 
surface versus electron dose. Experimental values are compared with the results of Monte Carlo 
simulations with the same desorption probabilities as in Fig. 3, F and H. A linear fit in the semilogarithmic 
plot in (B) allows for an evaluation of the average cross section for electron-stimulated desorption, 
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the size distribution of the resulting single-atom 
strands and zigzag patches, and the decrease of 
the total number of surfice O atoms asa function 
of electron dose (Fig. 4B). 

In principle, for a frst-oner desorption pro 
ces, a semilogarithmic plot of the number of 
remaining atoms versus the electron dose would 
follow a straight line; the slope of the line gives 
the cross section (triangular points and asso- 
ciated line in Fig. 4B). The experimental data in 
Fig, 4B deviate from such a behavior. The much 
more rapid decrease for low electron doses, 
‘where atoms are mainly desorbed from pristine 
areas without O vacancy sites, is well described 
by our Monte Carlo results (circles in Fig. 4B). 
Our statistical analysis allows the determination 
of the site-specific desorption probability on an 
‘tom-by-atom basis. In contrast, signal that is 
proportional to the total surfice © concentration 
(uch as in Fig. 4B), oF to the desorbing species, 
can only be used to determine an average eross 
section that lumps together the probabilities for 
all individual desomption events, 

‘The few average cross sections reported for 
ESD of TiO, (31, 32) are of magnitudes similar 
to that of the average cross section indicated in 
Fig. 4B. The probability for electron-stimulated 
ddesomption from the pristine surface is very high, 
however, A value of | in 20 electrons provides 
the best fit to all experimental observables: 
taking into account the parameter values that 
tie within our confidence value, we determine 
the initial cross section to be ~9 (=6) « 107 
em? 33), 

Why is the desorption from the pristine sur- 
face so efficient, and why does the proximity to 
8 defect site decrease the probability so effec 
tively? Previous. measurements have firmly 
established that corehole excitations are con- 
nected to O desorption (19, 23); we also find 
that iradiation with ~25-eV electrons, an enerey 
maller than the core-level binding energies in 
TiO, does not produce any observable defects 
on TiOx011)-2%1. The cross seetion for stimu- 
lated desorption can be described by 6 = 1 = P. 
\where / denotes the eross section for a core-hole 
ionization, and P is the probability that this 
excitation results in-a desorption event (ie., an 
excited state that is both repulsive and long- 
lived enough to induce nuclear motion). Mea- 
fed cross sections for Ti 3p ionization of 
Ti ions in the gas phase vary between 1 = 10°'7 
cm? and 9 « 10° em*, depending on the 
ionization state (34, 35), 

Electron backscattering ean increase the ion- 
ization probability in a solid by up to a factor of 
2 relative to the same species in the gas phase; 
this could be the reason why the measured eros 
section for O desorption from pristine TiO les 
‘at the upper range of the values for isolated Ti. 
However, this value implies that the desorption 
cross section is comparable in magnitude to the 
cross section for ionization (6 ~ 1) and that the 
probability for desomtion afier core-hole excita- 
tion, P, must be near unity. 
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In the K-F model (/9), the decay of the 
initial excitation results in the conversion of 
© 1 O°. This O" ion then finds itself sur- 
rounded by positively charged lattice Ti and will 
be repelled by the reversed Madelung potential. 
(The O ions can also capture an electron on 
their way out of the surfice and desorb as 
neutral atoms, as long as the neutralization does 
not occur too close to the original position, 
which would quench the emission process.) 
Classical trajectory calculations of the ion 
mission process show that ejection from the 
surface will only oecur for highly undercoondi- 
nated surface O atoms (36); apparently, this is 
the case on TIOMO11)-2*1. 

What is the probability, then, for a core-hole 
excitation resulting in a three-hole final state in 
4 surface O atom? Recent electron-ion coinci- 
dence spectroscopy measurements (23) have 
helped refine the K-F picture, which relied on 
a (relatively unlikely) interatomic Auger decay, 
accompanied by the [also not highly probable 
G7)] emission of two Auger electrons from an 
ligand. Calculations of core-hole excitations 
(G8), based on a cluster mode! in the framework 
of the Anderson impurity model, show that a 
smulihole final stat of the ligand is in fet quite 
probable for carly transition mstal oxides, even 
‘without accounting for a consceutive Auger de- 
excitition process The high degree of co- 
valency in ground-state configurations of TiO 
is expressed as od"¥%), where g denotes the 
‘number of electrons that have been transferred 
fiom the ligand orbital, £, to the (formally 
empty) d electron shell on the metal atom. In a 
simple physical picture, the creation of a core 
hoe, ¢, pulls the 3d band down in energy, and 
electrons flow from the oxygen ligand to the Ti. 
For TiO2 the core-hole final state, \ed?""L%), 
exhibits configurations with q up to S, with a 
fractional parentage for g > 3 of 25% (38). 
Similar values have been reported for other 
transition metal oxides with a high degree of 
hybridization (38); thus, an excited state that 
could lead to O desomption is in fact quite 
probable. It remains to be tested whether the 
lunexpectedly hhigh cross section observed for 
pristine Ti0.(011}-2*1 is specific to this surface, 
or if it will occur on other TiO: surfaces, oF 
other oxides, as well 

It is well established that an O vacancy on 
TiO; surfaces results in a filled-gap state 
located ~0.8 eV below the conduction band 
minimum (17). The drastic decrease in the 
desorption probability for O atoms next to an O 
vacancy is likely caused by these extra eloctrons 
at defect sites “screening” the repulsive excited 
state. The absence of mobile conduction clec- 
trons is the reason why, in general, DIET 
Processes are much more efficient on semi- 
conductors than on metals. The strong site 
dependence of the screening that results in the 
distinct one-dimensional rows needs some ex- 
planation, however, given that the separations 
between opposite O neighbors across and parallel 
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tothe zigzag rows are not too different (measured 
valucs of 4.5 A and 5.5 A, respectively), Yet we 
estimate that the desorption probabilities ane 
reduced by one and two orders of magnitude 
for an O adjacent and opposite to an O vacancy, 
respectively. An explanation based on the recent 
‘observation of anisotropic conductivity in rutile 
does not appear to be adequate (39), 

‘One possible explanation is quenching of the 
<electronic excitation by defect-induced clectron- 
ie states. Latice distortions that occur during the 
desorption process may enhance this eflect, Re- 
cent density functional theory calculations give 
strong evidence that the degree of charge local- 
ization of vacancy electrons is sensitively depen- 
dent on small distortions within the lattice (40), 
During a desomption event, the lattice stats 10 
distor dynamically (%; this could cause electrons 
in the defect state o flow toward the location of | 
the O atom as it starts to leave the surface. This 
scenario gives a plausible explanation for the 
differences in the reduced desomption probability 
along and across the row of the O vacanc 
Nearest O neighbors are much more dircetly 
linked, whereas weaker coupling to next-nearest 
(© neighbors makes a sharing of charges, oF a 
‘charge redistribution during the lattice distortion, 
less efficient, Thus, the strong anisotropy 
bonding geometry at this particular surface is 
fundamental for the anisotropic quenching of 
‘electronically excited states in the vi 
vacancies. 

In general, atomic vacancies on dielectric 
surfices result in a_modification of the local 
‘electronic structure. We have shown that this 
altered electronic configuration causes strong 
variation of DIET processes in the vicinity of 
vacancies, as excess electrons from the defects 
slosh toward a neighboring atom that has been 
put into a repulsive state via a core-hole ex 
tation. Thus, defects have a self-limiting effect in 
the modification of surfaces, and the resulting 
selForganization of defect structures ean be used 
to pattem surfaces atthe atomic scale. In the case 
‘ofthe anisotropic 110.4011) surface, the formation 
‘of one-dimensional defect structures is favored: 
because O vacancies reat strongly with molecular 
and metal adsorbates: (4/, 42), such structures 
‘could be used to template intresting overlayers 
(e.g. one-dimensional rows of catalytically active 
Au atoms). Quenching of excitations is expected 
to be observable not only in the presence of O 
vacancies: other intrinsic or extrinsic electron 
donors will haye similar effects. This has implica- 
tions for materials design issues such as increasing 
the radiation resistance of coatings or optimizing 
responses of photoactive materials. 
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Dinitrogen Dissociation on an 
Isolated Surface Tantalum Atom 


P. Avenier, 
L. Veyre, 


* M. Taoufik,** A. Lesage,’ X. Solans-Monfort,* A. Baudouin,” A. de Mallmann,* 
-M. Basset,” O. Eisenstein,* L. Emsley,? E. A. Quadrelli™* 


Both industrial and biochemical ammonia syntheses are thought to rely on the cooperation of 
‘multiple metals in breaking the strong triple bond of dinitrogen. Such multimetallic cooperation 
for dinitrogen cleavage is also the general rule for dinitrogen reductive cleavage with molecular 
systems and surfaces. We have observed cleavage of dinitrogen at 250°C and atmospheric pressure 
by dihydrogen on isolated silica surface-supported tantalumlll) and tantalum(V) hydride centers 
{(=Si-0),Ta!"-H] and [(=5i-0),TaH], leading to the Ta” amido imido product [(=Si0),Ta(=NH)(NH,)]: 
We assigned the product structure based on extensive characterization by infrared and 
solid-state nuclear magnetic resonance spectroscopy, isotopic labeling studies, and supporting data 


from x-ray absorption and theoretical simulations. Reaction intermediates revealed by 


monitoring of the reaction with infrared spectroscopy support a mechanism highly distinct from 
those previously observed in enzymatic, organometallic, and heterogeneous Np activating systems. 


‘mmonia isthe almost exclusive nitrogen 
A== for living organisms, fertilizers 
and other artificial chemicals, hence 
making the Haber-Bosch proces for ammonia 
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synthesis fiom dinitrogen among the most rele- 
‘vant heterogencous catalytic reactions (7), with 
approximately 10° tons of ammonia produced 
yearly (2, 3). The catalysts for nitrogen fixa- 
tion in biological systems are nitrogenase en- 
zymes, which produce yearly about the sam 
amount of ammonia (2, 3). These two major 
catalytic processes, as well as the only wel 
defined, homogencous catalyst reported so far 
(@, are structurally and chemically very differ- 
cat. The first is essentially based on a surface of 
Fe or Ru atoms (1), the second on high mo- 
lecular weight proteins with typically FeMo 
sulfr clusters (5-7) and the third on a molecular 
‘monometallic molybdenum complex (4). Ad- 
ditionally, these systems use different soure 
of hydrogen (gas phase molecular dihydrogen, 


NADH, and inorganic acids in solution} 
different surrounding “vofactors” [such as in- 
‘onganic promoters (/), coenzymes (5), or an 
‘organometallic redox system (4)] 10 catalyze 
the stepwise transformation of dinitrogen to 
ammonia. 

‘Whether heterogeneous, enzymatic, or ho- 
mogencous, all these catalytic processes must 
‘entail a succession of clmentary steps involving 
reactant bond cleavage of the very robust NeN 
triple bond and N-H bond formation in the 
product—possibly mediated by one or more 
metal atoms. Current understanding of the dis- 
tinct clementary steps in hetcrogencous (8, 9), 
biochemical (5, 6, /0), and organometallic (4) 
systems is summarized in Fig. 1, We report her 
in the observed cleavage of dinitrogen by a silica 
supported isolated tantalum atom (11, 12), linked 
to silica by two (*Si-O)-Ta bonds and ob- 
tained by surface organometallic chemistry 
(73), This Nz dissociation pathway is unex- 
pectedly different from all the three eatalytic 
systems described above and, more generally, 
from previously observed surface and solution 
reactivity patterns 

The dinitrogen activation reported here is 
based on the use of highly electrophilic electron 
deficient Ta hydrides: [(=Si-O);Ta'™-H] (a) and 
[(Si-0);TaY Hy] (1b) (11, 12). These hydrides 
have already proven very active in the catalytic 
transformation of alkanes (¢.g., alkane metathe- 
sis) by C-H and C-C bond cleavage (14, 15) and 
more recently in ammonia activation by N-H 
bond cleavage (/6). In this latter case, the char- 
acterized product was the TaY amido imido 
complex [(=SiO)Ta(-NH\NH2)] (2), along 
with its ammonia adduct 2-NHy. 

‘The starting tantalum hydrides 1 are ob- 
tained in two steps, which have already been 
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described (J2): reaction of the organometallic 
molecular precursor [Ta(CHs-CMes)s(=CH- 
CMey)] with isolated silanols of a MCM-41 
silica surface, followed by treatment with di- 
hydrogen at 150°C. This method of preparation 
yields a mixture of fa and 1b, which inter- 
convert depending on the dihydrogen partial 
pressure, presumably through the intermediacy 
of an n* dihydrogen ligand, The spacing of Ta 
‘centers precludes substantial Ta’~Ta interactions 
(average TaTa distance of ~8 A), The forma- 


A 

a * 3 

sey, 
a = 


SE eensctiremee 268 


‘Steyn enmta ere, 


Fig. 1. Simplified proposed reaction mechanisms for catalytic ammonia 
synthesis in: (A) heterogeneous catalysis by surface science studies on Haber- 
Bosh model systems (Z, 8, 9: (B) biocatalyss in studies on Fettoco nitrogenase 
‘enzymes (5, 6, 10); (C) homogeneous catalysis by the organometallic molecule 


‘Mo(N(CH,CH,N(HIPT)}5) (4). 


sap ied aes 


tion of 1 also results in [=Si-0-Si=] bridges and 
8 [=Si-] moiety in the vicinity of each Ta hy- 
dride (Fig. 2A) (12). At higher temperatures, 
the number of surface sitanes [=Si-H] increases 
With concomitant decrease in the number of 
surfice tantalum hydrides as a result of hydro- 
gen transfer from the Ta atom to an adjacent 
siloxy bridge to yield ((=SiO),Ta") and [=SiH1] 
(Fig. 2B) U7). 

‘We found that at 250°C, exposure of the 
tantalum hydrides 1a and 1b to a 1:1 NyHy 
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mixture at subatmospheric pressure (Pror = 0.5 
bar upon gas introduction in a closed vessel! at 
room temperature; Pror = 0.9 bar at 250°C) 
results in cleavage of the N=N triple bond to 
yield the surface TaY amido imido complex 
[(Si0),Ta-NHYNH,)] 2) (Fig. 2C), the sume 
product previously observed from reaction of 
1 with ammonia (16). 

‘The reaction reaches >95% conversion in 3 
days, Under these conditions, partial surfuce- 
embedding of 1a and Ib to [(@Si0);Ta] also 


Fig. 2. (A) Reaction equation for synthesis of 1a and 1b. (B) Reaction equation for the thermal reaction of 4a and 2b to yield [(=Si0)sTa]. (C) Reaction 
equation for synthesis of [(=SiO).Ta (=NH)(NH,)], 2. (D) Reaction equation of NH. transfer from 2 to adjacent sony bridge. 
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Fig. 3. One-dimensional "*N NMR spectra of surface 
complex 2N obtained by reaction of the starting 
tantalum hydrides 1 with (A) CN), and (B) NH, (26). 
The spectra were obtained after cross-polarization from 
Protons (1 ms contact time). A total of 50,000 and 1024 
‘scans were acquired for (A) and (8), respectively (with a 
recyle delay of 2 5). Two pulse phase modulation (TPPM) 
proton decoupling (34) was applied at a radio-frequency 
field strength of 80 kHz. For both spectra, the spinning frequency was 
12.5 kHz (20), Chemical shifts are given with respect to CHyNO, at 0 ppm 
using NHgCl as external reference. (C) IR spectra of: (a) starting hydrides 
{(«Si0),TaH] and {(=SiO)TaHs) (1) (20mg, T = 15 wt %); (b) after addition 
of excess Np at room temperature; (c) After heating at 250°C for 1h; (d) 
After addition of Hz (300 torr) and heating at 250°C (36 hours). (D) 
Enlarged portion difference spectrum {(b) ~ (a)] (2550 cm™* ~ 1700 m™* 
region) showing the net result of dinitrogen addition at room temper- 
ature. Dotted line, v(TaNs) of intermediate species at 2280 cm”*; dotted 
arrows, decreasing v(TaH,) of starting complexes 2. (E) Enlarged portion 
of the difference spectrum [(c) ~ (a)] (3600 cm™* ~ 3300 cm” region) 


=) 


occurs (Fig, 2B), The final nitrogen content of 
the sample is 1.34 weight percent (wt *%), N/Ta = 
L120. 


‘measured by elemental analysis, in 


as a wo 
Waverumbers (cnr) 


showing the net result of dinitrogen activation at 250°C. Dotted line, 
\(TaNzH,) of intermediate species at 3400 cm; dotted arrows, 
increasing v(TaNH,) of final product 2 observed in spectrum (d) (20). 
(F) Zoom in to the viNH,) (above) and 8(NH,) (below) spectral regions of 
spectrum (d) (3650 to 3250 and 1600 to 1500 cm", respectively). 
Resulting assignments, after isotopic labeling studies (fig. 56) cm: 
v(NH): 3502, 3461, 3375 [v('*NH): 3494, 3448, 3370; (ND): 2581, 
2525, 2473]; S(SINH,): 1551 [3(Si™°NH,): 1546]; S(TaNH,): 1521 
[6(ta*NH,): 1516]. The deformation bands S(SiND;) and 8(TaND3) (not 
observed) are expected to be obscured by silica absorption region 
(calculated deformation at 1131 and 1110 cm”*) (20). 


Table 1. "H and *N NMR chemical shifts of [(=Si0)sTa(=NH)(NH3)], 2 and 2+NHy. All °N 
chemical shifts are referenced with respect to CHsNO2 at 0 ppm (20). In the “Assignments” 
columns, the atom to which the resonance is assigned is in bold and italics. 


dicating the coexistence of [(2SiO)Ta!") and 
(Si0);TA-NEDNH)}, 2, in about a 1:1 ratio Comptex ame: Been) 2H WAR. 3 (roe) 
(U8). In analogy with the hydrido transfer from Resonances Assignments Resonances Assignments 
Ta tw Si (Fig. 2B), the imido amido species jgi),rai NNR 0 Toil 110-90 Tosh 
Si0);Ta-NHXNH)} (2) can transer_ an "SQ me “yeo-20t Tan, as Tachde 
igand 10. neighboring siloxy bridgss “00 * Party oo Si-NA 
a surface silylamido moiety 
jO)TANED] (Fig. 2D). —asioy tate! NHNCNHNHGIL, 70" Test 90-86 Teoh 
Accontingly, under ihe condition of Fig. 26, ax ™ Bain piles hens 40 Telly 
fice sillamido species [=Si-NI,] ae ako formed “340 Tain) 24 Tait) 
10.25 (2Si-NH2) equivalents form for each 400 Si-Wiy on Si-Nlly 
{Os Ta(-NHY(NHL)}, as determined by in- =385° Dhysisorbed 2.4 physisorbed 
frared spectral analysis} Mis NH 
ie structure of the surface complex 2 and oom acon of wih Py, TOBained om vacn of wi "Why GA Farad ana. —Nonly 


i-NH3} coproduct have been fully deter 
mined by solid-state nuclear magnetic resonance 
(NMR) spectroscopy, extended x-ray absorption 


band that disappears cn vacuum treatment. 


fine structure (EXAFS) analyses, and infrared 
(IR) spectroscopy coupled with extensive iso- 
topic labeling studies. Despite the low content 
of active sites on the surface, solid-state NMR 
spectroscopy under magic angle spinning (MAS) 
proved to be particularly powerful to character- 
ize complex 2. Specifically, we applied one- 
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dimensional (1D) proton and nitrogen-15 NMR, 
2D 'H-""N heteronuclear correlated (HETCOR), 
ad 2D proton double quantum (DQ) MAS 
NMR techniques to a fully labeled ' le, 
2-§N, obtained by reaction of '°Nz_with 
tantalum hydrides 1. Through the HETCOR 
data (which yield correlations between spatially 


lose "Hand 'N spins), the DQ data [which 
yield correlations between pairs of dipolar 
coupled (ie., spatially close) protons, thus 
discriminating between amido and imido reso 
nances (/6)], and the comparison of these data 
with the comesponding data recorded on the 
product obtained directly by reaction of 'SN- 
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ammonia (16), we have been able to observe 
and unequivocally assign the imido, amido, and 
silylamido resonances (Fig. 3, figs. SI t S3, 
and Table 1) (19, 20). Our assignments are in 
good agreement with available solution "'H- and 
"SN.NMR data reported for analogous imido 
and amido molecular species (16). 

‘An EXAFS study of surface species 
[(Si0),Ta(>"NH\(NHa)} (2) yielded spectra 
in good agreement with the proposed structure 
(lig, S4) (20), Namely, the best-fit structure 
was obtained with a mode! in which isolated 
tantalum atoms bond to one nitrogen atom at a 
distance of 1.81(2) A, two oxygen atoms at 
1,93(1) A, and one nitrogen atom at 2.04(1) A 
[Debye-Waller factors o = 0,0025(10), 0.000715), 
‘and 0.0007 (constrained) A, respectively; fit 
KL weighting has minimal 


measured distances in good agreement with lit- 
erature data for similar Ta(V) imido and amido 
molecular species (2), No improvements in 
the fit were obtained by taking into account 
the coexistence of 2 with [(=SiO) Tal". Second- 
shell data, which were tentatively added to im- 
prove the fit, are compatible with vicinal SINF, 


but extra parameters decreased the quality factor. 
diven the known capacity of bimetallic systems 


(22-25), including ditantalum hydrides (24, 25), 
to activate dinitrogen, we explored possible 
‘Ta"Ta contacts in the EXAFS study. No sig- 
nificant Ta-Ta path contribution to the EXAFS 
could be found. 

The reaction of 1 with dinitrogen was also 
studied by in situ infrared absorption spec- 
troscopy (Fig. 3). As expected, reaction of the 
tantalum hydrides mixture [(=SiO)sTa-H] and 
{O)sTalty) (1) with Nyy under the con- 
ditions described above led to the disappearance 
of the starting hydride stretching bands [v(Tall) 
centered at 1830 cm") and to the appearance of 
new vibration and deformation bands of NH, 
groups in [(=SiO)Ta-NHXNH)] 2) (U0), 
Upon reaction of 1 with "Nz and Ha, as well 
and Da, all expected isotopic frequency 
shitts ("N/°N and H/D) for 2-!"N and 2-4 
observed (fig. $6) (6). Surface silylamido 
Si-NHs}, are also formed, with di- 

Ha) bands observed at 1580 cm 
(76). No evidence for either coordinated or 
physisorbed ammonia was observed in IR and 
NMR spectra. 

Density functional theory (DFT) periodic 
calculations using Vienna ab initio simulation 
package (VASP) (26, 27) were performed 10 
‘add additional support 0 our structural as- 


Fig. 4. Final product, 2, and IR evidence for reaction intermediates observed by in situ IR monitoring 
of the dinitrogen activation on isolated tantalum hydrides on silica surface 1a and 1b (pertinent 
stretching frequencies reported below) and proposed possible structures for intermediates. Not all the 
dinitrogen adducts are expected to be IR-active. The hydrazido intermediate is in bracket because 
independent experiments have shown that it can be involved in the formation of 2 but cannot be 


observed under our reaction condition (32).. 
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signments of [(SiO);Ta(NH)(NH,)}_ and its 
posited stability. The structure of model 
[SiO Ta(NHXNH,)], supported on cristobal- 
ite (100) surface, 2g. was optimized (fig. $5), 
and selecied IR frequencies and NMR chem- 
ical shifts calculated [yielding noncorrected 
calculated IR frequencies of 3602 cm” (vit). 
3546 and 3418 (vya2), and 1502 em ' (Byu2), 
and calculated "N-NMR chemical shifts of -71 
parts per million (ppm) and -268 ppm for NH 
and NH, respectively (20), in close agreement 
with the experimental values}, The coordin 
tion geometry of Ta in 2g is calculated to be 
pscudotetrahedral, with L-M-L angles ranging 
from 101.1° to 112.2° and M-L bond lengths 
in good agreement with the EXAFS spectrum 
(20), and. similar distances reported for mo- 
lecular Ta-O(Si), Ta-N(R), and Ta-N(R2) spe~ 
cies (2/), Notably, the imido (NH) and amido 
(NHL) ligands in 2g are coplanar, facilitating 
maximal orbital overlap between the metal d 
‘orbitals and the ligands, as already discussed 
for the isolobal silica-supported ° metal spe- 
cies Re(@C'BuX=CH'Bu(CH'BuyOSi=) and 
MoW(-NRX *CH'Bu\(CH,'BuXOSi=) (R= Me, 
Phy (28). 

Thermodynamically, formation of 2y from 
reaction of No with cither the tantalum mono- 
hydride [(=SiO)sTalt] (1a) or tantalum trihy- 
ride ((°SiO); Tals} (1b) supported on the same 
cristobalite (100) surfice is highly exothermic 
(125A and -80.9 keal mot ', respectively) (fig. 
SSB). This result substantiates the mechanistic 
feasibility of the reaction in Fig. 2C proceeding 
through imeversible cleavage of the NeN triple 
‘bond on isolated Ta atoms, 

‘The capacity of isolated Ta atoms in 110 fully 
‘leave the N©N bond is original in the context 
‘of surface science: The dissociative chemisomp- 
tion of dinitrogen on metalic surfaces, which is 
the rate-detemnining step in ammonia synthesis 
(8, 9, is assumed to occur on a tworsite (oF 
higher) ensemble of surface atoms, with the 
surface acting as an electron reservoir. In con- 
trast, the alternative associative pathway —a 
single-site metalic activation to induce full NN 
‘cleavage through reduction to an amide imido 
species (/)-—was not considered efficient based 
‘on IR and microkinetic data. 

The reactivity of 1 toward dinitrogen is also 
distinct from previous observations in homoge 
neous molecular systems. The dinuclear Zr mol- 
scoule [(n"-CsMeaH x2 (a. 1s n*-N2) relies on 
two metal centers for dinitrogen cleavage w 
dihydrogen (23). The two-molecule system cis 
[WEN APMexPhy] / [RuCl HaXdppps1PF. 
(dppp = 1,3-bis(diphenylphosphino propane) 
is the only other organometallic system capa- 
ble of reducing coordinated dinitrogen with di- 
hydrogen, presumably by Ru-mediated hetcrolytic 
HAT cleavage (29), More generally, when reduc- 
tion systems other than dihydrogen are also taken 
into consideration, multimetallic cooperation re- 
‘mains the general rule for Ny activation by in- 
‘organic (30) or eryanometallic complexes (22-25). 
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Likewise, biochemical systems are believed to 
require as many as 20 metals—the number of 
unique metals in FeMo cofactor, P cluster, and 
Fe protein of nitrogenases—to achieve dinitro- 
gen reduction to ammonia (4). 

The only exception to mulimetallic cooper- 
ation for dinitrogen cleavage is the aforemen- 
tioned Mo(HI1) organometallic complex (4). The 
single-molybdenum center prevents dimerization 
side reactions, presumably through the strong 
steric protection alfonded by the hexaisopropy 
rmetaterphenyl triamidoamine ligand around the 
Mo" atom (Fig. 1), Likewise, our surface organo 
metallic approach yields isolated Tal" centers 
protected against bimetallic decomposition by 
the strong and inert siloxy bonds to the rigid 
silica. surfuce. Furthermore, the characteristic 
chemistry displayed by 1a and 1b toward dini- 
trogen is likely due to the capacity of surface 
organometallic chemistry wo synthesize highly 
‘uncoordinated, electronically unsaturated, highly 
thermally stable isolated metal atoms. No so- 
lution of surface molecular system has s0 far 
achieved all these properties. simultaneously 
(ic, well-defined isolated Tal” atoms, three 
or five coordinate, stable up to 250°C), which 
probably contributes. to the capacity reported 
here of cleaving the N=N bond on an isolated 
metal atom with dihydrogen (rather than with 
the judicious altemate additions of protons and 
electron sources in solution applied in the Schrock 
system (4)} 

This unusual reactivity raises challenging 
mechanistic questions, To gain further insight 
into the possible elementary steps involved in 
the synthesis of 2 (Fig. 2C), we attempted in 
sit monitoring of the reaction by IR spec~ 
troscopy: A faction of the tantalum hydrides 
appeared very reactive, enabling observation of 
several intermediate species when starting the 
reaction at room temperature (Fig. 3D). 

‘When exposed to a hydrogen-free Ny atmo- 
sphere at wom temperature, a faction sie 
tantalum sites coordinated dinitrogen reveri 
‘ti concomitant elimination of hydrogen (03 
HyTa) and appearance of a Ta(Nz) stretching 
band in the IR spectrum at TaN) = 2280 

sm ' (Fig. 3D), The high wave number supports 
an end-on coordination motif of Nz on tan- 
talum (32). The band disappears on vacuum 
treatment. When ''N; is used, the band shifts 
to v(Ta!’Ny) = 2197 em’, in agreement with 
expectations using the harmonic oscillator apy 
proximation (fig. $6). 

On heating the sumple to 250°C the v[Tatn!- 
Na) band disappears, accompanied by further 
deerease of the v(TaH), and a new band appears 
in the v(NH) region [v(TaN,H,) = 3400 em”'}, 
along with traces of final product 2 (Fig. 3). 
No further evolution is observed unless di- 
hydrogen is added to the reaction vessel. 
Addition of dihydrogen led to the complete 
formation of final product 2 (Fig. 3F}: no fur- 
ther intermediary reduction products could be 
observed (32), 
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This IR spectral evidence is consistent with 
the formation of dinitrogen, dixeenido and/or 
Irydiazido metal complexes (Fig. 4) (32, which are 
the expected intermediates of dinitrogen activation 
by organometallic compounds, as described by 
the Chatt (33) and Schrock (4) eycles (Fig. 10), 
With the notable peculiarity that the reaction 
does not require the altemate addition of protons 
and electrons to a dinitrogen adduct. In our ease, 
‘we have the dict involvement of dihydrogen. 
It is presently unclear whether the reaction pro- 
ceeds by, for example, Ta-promoted heterolytic 
T-1 cleavage on a Ta dinitrogen adduct in some 
analogy with literature precedents (29), or by 
‘unprecedented Np insertion in a Ta-H bond. The 
‘Chat eyele relies on a distal Np reduction mech- 
‘mis (also known as the d-mechanism) in 
‘which the reduction of the nitrogen atoms occurs 
sequentially, involving first only the Brnitrogen 
of M(N3), and thereby leading 10 dianionic 
hhydrazido intermediates, M@N-NH3) (4, 33). 
In contrast, the reactivity of the isolated surface 
tantalum hydrides 1 with NyH i consistent 
with an altemating Nz reduction mechanism, 
involving both nitrogen atoms of M(Ns) and 
proceading through a monoanionic hydrazide 
intermediates, M(-NH-NH,). Recent. evidence 
has implicated such an altemating, rather than 
distal, Np reduction mechanism for nitrogenase 
6.10). 
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Breakdown of the Born-Oppenheimer 
Approximation in the 
F + o-D, > DF + D Reaction 


Li Che,** Zefeng Ren,** Xingan Wang,* Wenrui Dong,’ Dongxu Dai,” Xiuyan Wang,* 
Dong H. Zhang,’ Xueming Yang," Liusi Sheng,? Guoliang Li,” Hans-Joachim Werner,>t 


Francois Lique,* Millard H. Alexander* 


The reaction of F with Hp and its isotopomers is the paradigm for an exothermic triatomic 
abstraction reaction. In a crossed-beam scattering experiment, we determined relative integral 
and differential cross sections for reaction of the ground F("Pa) and excited F*(?Pya) spin-orbit 
states with D2 for collision energies of 0.25 to 1.2 kilocalorie/mole. At the lowest collision 


energy, Fis 


.6 times more reactive than F, although reaction of F* 


is forbidden within the 


Born-Oppenheimer (80) approximation. As the collision energy increases, the BO-allowed reaction 
rapidly dominates, We found excellent agreement between multistate, quantum reactive scattering 


culations and both the measured energy dependence of the F*/F reactivity ratio and the 


differential cross sections. This agreement confirms the fundamental understanding of the 


factors controlling electronic nonadiabatic 


the Born-Oppenhcimer (BO) approxima- 
| tion is invaluable in the application of 
quantum mechanics 40 molecular spec- 
troscopy and molecular reaction dynamics, This 
‘approximation (/) postulates that electrons adapt 
iabatically to the motion of the much heaver 
nuclei, so that the forces on the nuclei are 
xenerated by the variation with geometry of 
the electronic energy of a single electronic stat. 
The BO approximation allows us to model 
molecular dynamics as the motion of multiple 
nuclei on a single electronic potential energy 
surfice (PES). 

Despite its great success, the BO approxi- 
imation breaks down whenever two (or more) 
clectronic states become degenerate (oF nearly 
so) This breakdown is responsible for funda- 
mental molecular phenomena such as predis- 
sociation or intemal conversion in an isolated 
molecule (2, 3) and is ultimately enucial in mone 
complex chemical processes. 

In most bimolecular reactions involving an 
open-shell reactant, two (or more) electronic 
states are degenerate at lange separations. As 
the reaction proceeds, the degeneracy is lifted 
Often, not all the PESs correlate with the 
lowest clectronic state of the products (4, 5). 
In the F or F* (F/F*) = Hy reaction under 
investigation, the BO approximation prohibits 
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abstraction reactions. 


the reaction of the excited F-atom spin-orbit state 
(6, 7) (Fig. 1). The extent to which reaction fux 
can move from one PES to another during the 
reaction is largely unknown, 

Interest in the reactivity of spin-orbit excited 
F atom with H, induced by the breakdown of 
the BO approximation, dates back 30 years (8). 
Earlier experimental studies of the F > Hz (9) 
and F © Dz (10, 11) reactions showed no 
concrete evidence of F* reactivity. Nesbitt and 
co-workers (/2, 13) did find such evidence by 
Jooking at the production of HF (y = 3) in rota- 
tional levels that are energetically inaccessible 
by reaction of ground spin-orbit state F atoms. 
Concurrently, in a crossed-beams study of the 
FIF* + HD reaction, Liu and co-workers also 
found experimental evidence of the HF (v= 3) 
Product fom the F* reaction at threshold col- 
lision energies (14). The great experimental dif- 
ficulty in evaluating the relative F* reactivity is 
the separation of HF products produced by the 
reaction of F*. 


Fig. 1. Relative energies (to scale) 
for the FIP + Dp reaction, ater 
inclusion of the spin-orbit spitting, 
with a schematic representation of 
the three FH, electronically adia- 
batic PESs, labeled for both co- 
linear and coplanar geometry. The 
Vibrational zero-point energy (for 
reactants and products and at 
the barrier) has been included. 
Although the F(?Ps2) + D, = 
DF (y = 0) + D reaction exother- 
micity is 31.80 kcal/mol, the 
DF ( =4) + D channel is expergic 
by only 0.088 kcaVimol. The po- 
tential energy surfaces for the to 
TT states corelate, in the product 


Relative Energy (kcal/mol) 
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Despite the importance of F* reactivity, the 
majority of prior theoretical work on the F + Hy 
(HD, D3) reaction has been limited 0 calcu- 
lations on the lowest, electronically adiabatic 
PES. Building on earlier work (/5-17), Alex- 
‘ander, Manolopoulos, and Wemer (7) presented 
‘an exact framework for the fully quantum 
mechanical study of this eaction with inclusion 
‘ofall three PESs shown in Fig. 1, as well as spin- 
‘orbit and Coriolis coupling. Alexander and co- 
workers have shown that, as the collision energy 
decreases, the BO-allowed reaction of F becomes 
suppressed by the small reaction barrier (Fig, 1) 
more rapidly than the reaction of F*, Thus, at 
low energy the BO-forbidden reaction becomes 
increasingly important because of the additional 
intemal energy available in the spin-orbit excited 
state (1.2 keal’mol) (7, 18). 

In an effort to determine the extent of the 
breakdown of the BO approximation in this 
benchmark system and to test flly our ability to 
measure, and predict, the degree of reactivity of 
the spin-orbit excited F atoms, we report here a 
high-resolution crossed molecular beam study 
‘on the PIP* + ortho-Ds reaction using the D-atom 
Rydberg tagging method (79), We concentrated 
‘on very low collision energics ( 
keal'mol), where nonadiabatic effects ane ex- 
Pected 10 be most pronounced. The choice of 
Dz, rather than Hz or HD, was made for several 
reasons: The absence of D atom background al- 
ows a higher detection signal-to-noise ratio, and 
the smaller rotational constant of DF (compared 
With HF) allows a cleaner separation of the DF 
(0) products from the reaction of F compared 
with F*. In addition, because of the absence of a 
transition state resonance (20) in the F + Dy 
reaction. at low collision energy, the invest 
tion and the comparison with theory can focus 
solely on the rlative reactivity of the wo F 
‘atom spin-orbit states, without any additional 
‘complexity introduced by the resonance, 

In the experiments (2/-24), the F atom 
beam was generated by expanding a. mixture 
‘of SOM NFy/2.5% Fy/47.5% He through a two- 


arrangement, with DFia°Il) + D, which lies at least 38 kcalimol above the F(’Ps2) + Dz asymptote. 
Consequently, the position ofthis asymptote és not drawn to scale. 
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stage discharge. Single photon vacuum ult 
Violet (VUV) absorption to two autoionizing 
states of the F atom (25) showed that the F2E* 
ratio in the discharge was 4.8 (fig. SI). 
Measurement of this ratio made it possible 
for us to extract the relative emss seetions for 
the F and F* reactions with Dz. 

The o-D: was made by passing sD: gas 
through a column filled with an o-p conversion 
catalyst cooled down to about 20-K. A neat 
o-Dz sample was expanded through a pulsed 
noz2le cooked down to liquid nitrogen temper- 
‘ture, at which point >93% was cooled down to 
the lowest (/~ 0) rotational state (19), By vary- 
ing the crossing angle of the F and o-Ds beams, 
wwe can vary the collision encrsy. 

Time-oF flight (TOF) spectra of the D atom 
products from the FIF* + o-D3 reaction (with an 
initial F2F* ratio of 4.8) were measured over a 
range of laboratory (LAB) angles varied in 10 
intervals. Fig. 2 shows two typical TOF spectra 
of the D atom product at Ee values of 0.58 and 
1.12 keal/mol, The most pronounced structures 
in the TOF spectra can be clearly assigned to 
DF product rotational ro} vibrational states from 
the F + Dp (j= 0) reaction. In addition, we also 
sce features that can be assigned to reaction of 
FF IL is evident thatthe relative F* reactivity is 
‘more pronounced atthe lower collision enemy. 

The spectra, which are proportional wo the 
DF product intensity at various LAB scattering 
angles, were then converted to relative differen- 
tial eross scetions (DCSs) in the center-of-mass 
(CM) frame by means of a standard Jacobian 
transformation to obtain the produet kinetic en- 
ergy (KE) distributions. During the conversion, 
detection efficiencies of the D atom product at 
different LAB angles and different velocities 
‘were simulated and included. The KE distibu- 
tions obtained experimentally in the LAB frame 
were simulated by adjusting the relative pop 
ulations of the ro-vibratonal states of the DF 
product. From these simulations, relative popu 
lation distributions of the DF product at each ro- 
Vibrational state were determined at all LAB 
angles measured. 

Because the D + DE (v= 4, j = 0) products 
are nearly isoergic with F + Dz (v= 0, j= 0) 
(see the caption to Fig. 1), complete separation 
is seen in the TOF spectra for reactions of F 
and F* that produce DF in y= 4, which isthe 
highest enengetically allowed product vibrational 
level. For DF products in lower vibrational kev- 
els, any overlap between the signals arising 
from the F and F* reactions will cause some 
uncertainty in the simulations. Fortunately, in 
most of the eases here, the rotational excitation 
of the DF product from both the F and F* re- 
actions is limited mainly to the lowest few ro- 
tational states, and so the dominant peaks fom 
the Fand F* reactions are well separated. There- 
fore, we can obtain a decent fit by assuming that 
DE preduct rotational excitation from the excited 
state F* reaction is similar to or slightly hoter 
than that fom the ground state F reaction, 
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We expect that the F* reaction should pro- 
duce DF with slightly hotter rotational distribu- 
tions (figs. S2 and $3) because, for a given 
collision enengy, the total nergy available tothe 
DE preuets will be larger (26). We estimated 
that the error caused by assuming similar de- 
grees of rotational excitation should be about 
10% both in the relative integral cross sections 
(ICSs) for the F* reaction and in the ratio of the 
ICSs for reaction of F and F*. This estimate is 
comparable 10 our measurement error. 

At all collision. energies, quantum-state- 
resolved DCSs of the DF product in the CM 
frame (Ogq = 0° 10 180°) were then determined 
by fiting the above experimental results. Fig. 3 
displays the topology of these DCSs at a E = 
(0.48 kealmol and compares these withthe results 
of the theoretical calculations, which are sum- 
marized in the following two paragraphs. EX- 
cept for some small forward scattering in the 
theoretical simulations, which lies below the 
detection limit in our experiments, the overall 
agreement in the DCSs between experiment and 
theory is excellent, in terms of both scattering 
angle and DF product state and for reactions of 
both F and F*, 

‘The theoretical simulations entailed time- 
independent, fully quantum, reactive scatering 
calculations based on the formalism we present 
carlicr (7, 27). These calculations include explic- 
itly all three PESs shown schematically in Fig. 1 
‘The PESs used were fits to a new set of highly 
accurate ab initio calculations (24). To correct 
for residual errors, we scaled the correlation en- 


Fig. 2. TOF spectra of the D atom 
product from the F?PyqN/F*(*Pya) + 
Dz (j = 0) reaction at colision en- 
exgies of (A) 0.55 kcalimol at a 
laboratory angle of 110° and (B) 
1L.12 kcal/mol at a laboratory angle 
of 125°. These laboratory angles 
correspond roughly to D products 
scattered in the backward direction 
in the center-of-mass frame (relative 
to the incoming D; beam). 


‘ergy so that the calculated F + Hy —+ HF +H 
‘exoergicity agreed with the currently accepted 
‘experimental value (J2) to within the uncer 
tainty in the latter. This overcomes the draw~ 
‘back (/8) in the earlier set of PESs of Werner 
and co-workers (6, 7), namely, the underpre 
diction by ~0.7 keal’mol of the F + He 
action exoergicity. Although this error is much 
smaller than the typical accuracy of ab initio 
calculations of PESs, it is a lange fraction of 
the F * Hy (D3) collision energy in the regime 
‘of low energies where one might expect to soe 
the most noticeable evidence of nonadiabatic 
reaction dynamics, 

The overall topology of the DCSs displayed 
in Fig, 3 is very similar for F and F* reactions, 
‘The F* reaction can occur only by means of a 
non-BO (nonadiabatic) transfer of incoming col- 
lision flux from the PES of the nonmactive 
‘excited state of 4” reflection symmetry (labeled 
2’ in Fig. 1) to the PES of the ground (reactive) 
14’ state Flux transfer will occur most readily at 
geometries for which the F-stom  spin-0 
splitting is equal to the energetic splitting 
between the PESs of the two states of 4” 
reflection symmetry (7, 28, 29), 

This scam of geometries occurs well out in 
the F * D3 reactant valley (see figure 2 of (7)} 
Aler undergoing the nonadiabatic 24° + 1" 
transfer, the initially nonreactive Mux will be 
subject to the sume forees that affect the ground 
state reactants, in particular over the barrier and 
‘out into the HF © Hi product arrangement. Be- 
‘cause the product distributions are a manifesta- 
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ion of these forces, we would anticipate the 
DF * D DCSs arising from reaction of F and 
F* to be quite similar, as observed here. 
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‘The largest F* versus F difference can be 
seen in the DF (v = 4) products (Fig. 3) 
Because of the relative energetics (Fig. 1), for 


CTHEORY (F) 
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Fig. 3. Experimental (A and 8) and theoretical (C and D) three-dimensional D-atom product flux 
surface plots for the FF* + Dz (j = 0) reaction at E, = 0.48 kcalimol. The concenttic circles correspond 
to different HF product ro-vibrational states. The direction of the F atom beam defines the forward 


scattering direction, 


ate Fig. 4. (A) Colision energy depen 
dence of the overall integral reactive 
7 + EXP) oss sections, summed over product 
84» EXPE) ‘| vibrational and rotational levels, 
THEORY (F) l for the FiF*+D,(j =0) reactions for 
oe] —— THEORY F*) 0.25 < & < 12 kcal/mol. (B) The 
g ratio of the cross sections shown in 
% The solid curves are the results of 
Soa ‘ ‘our theoretical calculations, whereas 
f the points indicate the experimental 
rr ‘ results. The error bars indicate the 
‘ +44 range of measurement errors in the 
os experiment. 
B 
c 
g 
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E,= 08 keal/mol only the j= 0 and j= 1 DF 
rotational levels in v = 4 are energetically ac- 
cessible in the F + Dz reaction. The j = 0 
products will emerge with a translational energy 
‘of only 0,004 kealimol, However, at the same 
collision energy, the first seven rotational levels 
in y= 4 are energetically accessible for the F* 
reaction, and the j= 0 products will emerge with 
4 translational energy of 0.054 kcal'mol, sub- 
stantially larger than that from the F reaction, It 
is for this reason that the DF (= 4) DCSs from 
F and F* show the langest dissimilarity, 

To assess the relative reactivity of the F and 
F* reactions, we determined the dependence on 
collision energy of the ICSs. These are the in- 
tegrals of the corresponding DCSs over all scat~ 
tering angles and so are a measure of the total 
reactivity at a particular E. To cary out this 
integration over scattering angle, we have chosen 
a set of laboratory angles that corresponds to the 
backward scattering direction for DF (v= 3) 
proxluct at a particular collision energy. We then 
neasured TOF spoctra at these lab angles and 
ccomesponding collision energies back and for 
want more than 10 times to put the ICS m 
surements at different collision energies on the 
same scale, such that the relative ICS could be 
determined experimentally by just integrating 
‘over all scattered products. Fig. 4A. shows the 
‘experimentally determined ICSs for the F and 
F* reactions in the collision energy range 
between 0.25 and 1.2 keal/mol, Over the entire 
set of collision energies, the experimental ICSs 
are scaled to the theoretical values by means of 
ig fictor for both the F and F* 


a single s 
reactions 

The barrier on the lowest PES (Fig. 1), cor 
rected for zero-point energy, is ~12 keal/mol 
Thus, we sce that, over almost the entire range 
‘of collision energies investigated here, the F 
Dy reaction proceeds solely by quantum me- 
‘chanical tunneling of the D atom, 

In Fig. 4A, the reactive cross section for the 
BO.allowed F atom reaction increases much 
more rapidly with increasing E, than that for 
the BO forbidden reaction of F*, which was the 
qualitative prediction of our 


the ICSs for the F and F* reactions is shown in 
Fig. 4B. The agreement with the predictions of 
the present scattering calculations based on the 


is remarkable. At the lowest £ 
kealimol, both exper 
and theoretical calculations show that F* is ~1.6 
times more reactive than F. 

‘The excellent overall agreement between ex- 
periment and the results of quantum reactive 
‘catering calculations on a new set of ab initio 
PESs (24) indicates that the theoretical formu- 
Iation and simulations correctly include the es- 
sential physics goveming the nonadiabatic 
processes of importance in the F + Hz reaction 
and its isotopomers. Of particular interest would 
be the use of our new set of PESS to investigate 
the F + HD reaction, for which the HF + D 
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channel displays a pronounced transition-state 
resonance at &, =~0,6 kealmol (20, 23). Liu and 
co-workers (/4, 30) have investigated the F/F* > 
HD reaction in some detail but primarily. st 
energies considerably above the resonance. 
Studies on an earlier set of PESs show that the 
resonance is absent in the F* = HD channel (/8), 
50 that the influence of the resonance shoukl be 
seen in the energy dependence of the FF ratio, 

Uhimately, we hope that one will reach a 
similarly good degree of agreement between ex- 
Periment and theory in the investigation of non- 
‘ainbaticty in abstraction reactions of F_ with 
polyatomic targets, such as HO (3/) or CD, (32) 

ur conclusion that at low collision eneney 
the F* reactivity becomes increasingly more ef 
ficient, relative to the BO-allowed F reaction of 
the ground spin-orbit state, agrees well with the= 
retical simulations of similar sophistication for 
the homologous CLCI* © Hy reaction (33, 34) but 
contrasts with prior experimental work (35, 36) 
Future theoretical and experimental study of the 
Cl+ Hy reaction is necessary to reach a level of 
agreement similar to what we have reported 
here for the F + Dy reaction. 
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Glaciers Dominate Eustatic Sea-Level 
Rise in the 21st Century 


Mark F. Meier,?* Mark 


}. Dyurgerov,*? Ursula K. Rick,” Shad O’Neel,™** W. Tad Pfeffer,™* 


Robert 5. Anderson,"* Suzanne P, Anderson,™” Andrey F. Glazovsky* 


{ce loss to the sea currently accounts for virtually all of the sea-level rise that is not attributable 
to ocean warming, and about 60% of the ice loss is from glaciers and ice caps rather than from the 
two ice sheets. The contribution of these smaller glaciers has accelerated over the past decade, 
in part due to marked thinning and retreat of marine-terminating glaciers associated with a 
dynamic instability that is generally not considered in mass-balance and climate modeling. This 
acceleration of glacier melt may cause 0.1 to 0.25 meter of additional sea-level rise by 2100. 


isintegrating glacier ice constitutes a 
Ds ‘and accelerating cause of 

lobal sea-level rise. We synthesized 
results from a variety of recent ioe mass change 
studies in an effort to present a more accurate 
picture of changes and trends in ice volume and 
associated sea-level rise, This synthesis includes 
current results that update the Interzovemmental 
Panel on Climate Change (IPCC) Fourth Assess- 
‘ment Report (/), stresses the importance of dy- 
namic processes in transporting terrestrial ice to 
the sea, compares the contributions of glaciers 
‘and ice caps with those from the ice sheets, and 
presents new projections of ice mass change to 
the end of the 21st century. 
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We included all glaciers and ice caps 
=), We exeluded the Greenland and Ant- 
arctic ice sheets, but included the GIC that 
surround and are peripheral to the great ice 
sheets. We focused on present-day behavior 
(from about 1996 to 2006) because of its erit- 
ical importance to society now and its rele- 
vance for runoff and sea-level projections to 
the year 2100. 

A primary driver of recent ice loss is the 
rapid retreat and thinning of marine-terminating 
laciers, which are susceptible to a nonlinear 
dynamic instability when their beds are below 
sea level. The increased! role of this phenome- 
non in delivering ice to the ocean during recent 


warning has been demonstrated for ive sheet 
‘outlets (2-4) but is also important for many 
GIC. ‘This instability can markedly raise the 
sensitivity of glaciers to climate change, It is 
‘conventionally assumed that under near-steady 
state conditions, the climatically controlled sur- 
face balance (inputs by snow and loss through 
melt) controls the geometry ofan ice mass, and 
geometric transitions (changes in thickness) ane 
forced by changes in surface mass balance, In 
‘contrast, under dynamically forced conditions, 
changes in ice velocity are forced instead by 
‘changes in subglacial mechanics, and geometric 
transitions are governed by changes influx 
divergence rather than surface balance, 
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‘The whole-glacier continuity equation for 
the rate of change of glacier ice mass, M, is 


SE = Aly +A +A = Jovhas + 
4 


[i Vu) pld + pW Huey ~ ue) 
4 


where dots denote differentiation with respect to 
time, My is the glacier-wide net meteorological 
‘mass balance (the local surface mass balance, b, 
integrated over the glacier area, A); My, rep 
resents average thickening or thinning associ- 
ated with the local divergence of ice dischange, 
qh integrated over the glacier area; and My 
represents net mass change duc to extension or 
retraction of the terminus govemed by the bal- 
ance between calving at a rate ue and terminus 
ie speed, uy ata terminus of width Hyand ice 
thickness Hp py is the density of ice The 
contribution of mass to the sca from a retreating 
tidewater glacier (Af) is therefore the sum of 
ie losses driven by meteorology (Nfs), by dra= 
down of the ive reservoir due to ice dynamics 
(My), and by terminus dynamics (Mf, We ne 
Port these as mass Muxes in gigatons (Gt) per 
year (1 Gt= mass of | km? water = 1/362-mm 
sea-level change). 

For many marine-terminating outlet and tide- 
Water glaciers, thinning and hence ice loss ase 
sociated with dynamic instability can be 
‘appreciably greater than thinning caused by the 
local surface mass balance, Alaska's Columbia 
Glacier provides a useful example. Before the 
‘onset of rapid retreat around 1980, this glacier 


Table 1. Present-day rate of ice mass loss (At), 


maintained a nearly steady-state clevation pro- 
file (a robust proxy for a steady-state thickness 
profile), for which the, positive surface mass 
balance, estimated at Mfy= 0.37 Gvyear, was 
closely balanced by dynamic surface lowering. 
During the late 1970s, however, net thinning 
began to occur (Ny * My = -O.88 Grea), por- 
tending dynamic retwat (5, 6; about 1S km of 
terminus retest ensued. Columbia Glaciers dlis- 
charge has since inereased. In 2000 10 2001, the 
ice lux through the terminus reached 6.6 GuYycar 
«even though the surfice mass balance was prob- 
ably decreasing (7). Arendt etal, (8) have pointed 
ut the critical role of these effects in the wastage 
of other calving glaciers in the westem Chugach 
Mountains, Aliska. This switch fom balance- 
controlled to dynamically forced modes must be 
understood in comparing global ice-wastage 
observations and in predicting future delivery 
of glacier ice to the oceans. The time scale for 
extracting large volumes of ice from tidewater 
glaciers as well as from the mangins of the major 
ice sheets can be notably shorter than one would 
predict from surface mass-balance estimates. oF 
limate-balance modeling. 

Other calculations of losses due 19 changes 
in ice dynamics are rare. Studies in the Russian 
Arctic (Franz Josef Land, Novaya Zemlya, and 
‘Sevemaya Zemlya) over the period from 1952 
to 2001 estimate Mf, = 1.3 Guyear and My 
My = -32 Guyear (9). Recent studies on the 
Devon Island lee Cap (70) indicate that iecbeng 
calving caused up to 30% of the mass loss 
between 1960 and 1999. These results suggest 
that, in areas where tidewater and calving glaciers 
occur, the errors in estimating ice loss of GIC 
from classic surface observations are likely to be 


its projected rate of change (4) and rates of sea- 


level rise (SLR). The Mf includes surface mass balance, as well as dynamic effects where known. For 
Greenland and Antarctica, we used published results, asin (4), but we subtracted GIC mass balances 


[-26 to -50 Gtiyear (23), depending on gravity 
results to avoid double counting the GIC ice 


signal leakage pattern] from the Greenland gravity 
losses. We did not make this adjustment for the 


Antarctic because the known major changes in the Antarctic Peninsula are not necessarily reflected 


in the gravity results. 


a it SLR rate Total Total SLR 
jn 2006 in 2006 in 2006 SIR to 2050 to 2100 
Guyear mmjyear—_ mm mm 
Glaciers and ice caps 
Assuming current acceleration ~402 +95 11.9256 11224 81243 2402128 
Assuming no acceleration 40295 0.0 AA s.28 49212 108=25 
Greenland Ice Sheet 
Assuming current acceleration -182 234 -162263 O5=01 65228 245 = 106 
Assuming no acceleration 18234 0 05201 224 4728 
West Antarctic Ice Sheet 
Assuming current acceleration ~117 = 15 0322001 34215? 1202507 
Assuming no acceleration 117 = 15 032001 1422 3024 
East Antarctic Ice Sheet 
Assuming current acceleration 56226 3.422? -015=007 ~16 2127 -56 = 407 
Assuming no acceleration «56226 = O15 2007 723 1527 
Global total 
Assuming current acceleration ~645 +170 -32=10? 18205 16065? 560=230? 
Assuming no acceleration 6452170 0 18205 78221 167244 
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higher than stated because of the paucity of data 
‘on ice dynamic contributions to yolume losses. 

Rates of ice mass change (.M) from 1995 t0 
2005 (Table 1, Fig. 1, and table S1) show 
accelerating rales of mass loss (AF > 0) from 
almost all: glacier inventories, The rates. are 
indexed to the common year 2006, and the 
‘current accelerations of foss in ive mass (11) are 
‘obtained by linear regressions of published val- 
ues of rate of mass lass versus time, beginning in 
2000 or slightly before (figs, S1 to $3). These 
rates of ice loss include dynamically foreed losses 
where known; because these are not known in 
many areas, the values reported must be con- 
sidered underestimates. For comparison, we also 
present recent results from the Greenland and 
Antarctic ice sheets in Table 1 and Fig. 2, The rate 
of GIC ice loss (SD) of 402 © 95 Guyear 
dominates the contributions to sea-level rise 
from the various ice masses in 2006 (Table 1), 
and the GI around the Gulfof Alaska contribute 
substantially (100 Gvycar: Fig. 1). 

‘The recent rate of worldwide searlevel rise is 
about 3.1 + 0.7 mm/year; of this, ocean warm 
ing (the steric effect) accounts for about 1.6 + 
0.5 mmiyear (1). The results given in Table 1 
suggest that glacier and ice sheet wastage cur- 
rently generates 1.8 mmiyear of sca-tevel rise, 
accounting for slightly more than the remainder 
fof the nonsteric sea-level change. Our results, 
‘consistent with those in the IPCC Fourth Assess 
ment (7), suggest that GIC contribute about 60 
‘ofthe custati, new-water component of sea-level 
rise (Table 1 and Fig. 2). Our GIC wastage 
numbers are slightly greater than those reported 
in a recent consensus statement (//) prepared for 
the IPCC because the Fourth Assessment reports 
‘on an earlier period (1993 to 2003) and the 
acceleration of ice loss is very large (Fig. 1). 

We explored the fature effect of ive wastage 
for two scenarios in Table 1: (i) The present 
acceleration of mass loss remains constant (4 
present value, figs, SI to $3), and (i) the 
resent rate of mass loss remains constant (1 
present value; A = 0), The surface mass-balance 
‘contribution to estimates of mass loss would pre- 
sumably be more accurate if linked to atmo- 
spheric models incomorating changes in COs 
‘emissions, but our emphasis is on dynamic 
‘changes to the glacier mass budget. We included 
‘only observed and documented dynamic changes 
in our assessment, and made no attempt t0 
include changes that may be initiated by ice- 
‘ocean interaction in the near future, We note that 
dynamic adjustments can be rapid and may turn 
‘on and off asynchronously, as demonstrated in 
Alaska (/2) and Greenland (3); one should also 
‘assume that with further warming these dynamic 
changes will likely accelerate, These extrapola- 
tions suggest that the GIC contribution will ex- 
‘coed or equal that of either ice sheet throughout at 
Iecastthe first half ofthis century, and perhaps all 
(of this century, and will deplete at most 35% of 
the available GIC volume, taken here as 250 
10° km? water equivalent (/3, 14), by 2100. 
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Fig. 21. Rate of ice mass loss from all GIC since 1995 (12, 13). Vertical error bars indicate the 
published uncertainty; horizontal bars show the years over which the mass balance has been 
averaged. (Inset) Rate of mass loss from all GIC for the period from 1950 to 2005. The red dashed 
Curve exponential indicates the best fit through the total mass loss; the blue dashed curve applies 
only to the glaciers in the Gulf of Alaska. Data, method, and authorships are given in table S1. 


‘These projections appear to be larger than those 
suggested by the IPCC (J), much larger than 
suggested by some authors fe.g.. (/5)). but in 
lose agreement with other recent work (/6). At 
the very least, our projections indicate that future 
sea-level rise may be langer than anticipated and 
that the component due to GIC will continue to 
be substantial, 

The values suggested for the GIC contribu 
tion to rising sea-level in future years might be 
‘questioned because they do not consider the loss 
of glacier area. Most previous models of GIC 
discharge begin with a fixed “reservoir” of GIC 
ie that decreases in area and volume as global 
warming progresses, Indeed, many of the 
smallest glaciers are likely to vanish during the 
2st century. However, (i) most of the GIC area 
oon Earth is agcounted for by a relatively few 
lange glaciers (such as subpolar ice caps) that 
will not shrink appreciably in area during the 
2st century: and (i) cold glaciers in the polar 
regions, which do not now produce runoff tothe 
‘ocean, will warm to the point where appreciable 
runoff to the sea can be expected. 

Using a global size distribution of glaciers 
combined with volume, area, and thickness scal- 
ing (17, 18), we found that more than hal of the 
ice volume in GIC is contained in ice masses that 
are individually >4000 kr", with mean thick- 
nesses of =300 m (19), The current average 
lobo! thinning rate of all GIC is about 0.55 m 
(Gee equivalemt)‘year and is increasing at about 
0.0164 m/year* (Table 1). Total projected thin- 
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ning by the year 2100 is only $0 and 120 m for 
steady and accelerating wastage scenarios, 1e- 
spectively. Although this is heartening, the 
‘median area of 34 “benchmark glaciers.” which 
have time series of glacier mass balance since the 
1960s, is only 4.18 km”, corresponding toa mean 
thickness of a few tens of meters (-60 m). Thus 
many of these will likely disappear along with 
their valuable long-term records 

Gur estimates include many possible erors, 
including measurement eos and area uncer- 
tainties, which are difficult to quantify but are 
likely only a few percent of the global totals. 
Our neglect of warming of polar fim and 
subsequent runoff, and of both mass balance: 
altitude feedback and ilbunderstood dynamic 
instabilities, leads to underestimation of sea- 
level rise. Neglecting area losses and ignoring 
the density change comection for ice removed 
from below sea-level produce small overesti- 
‘mates, Total errors (Table 1) do not significantly 
affect our conclusions. 

To improve our understanding of the ice melt 
contribution to sea level, we must recognize that 
the GIC, not the big ice sheets, are most im- 
portant today, and will continue to be important 
throughout this century. Complex processes driv- 
ing the behavior of glaciers nosd better char- 
acterization. With the growing emergence of 
dynamically forced thinning and retreat asa 
dominant mass-loss process on both calving gla- 
cers and ice sheet outlets rates of volume change 
have become very nonstcady. Studies of retreat 


Sseeeeesaeg 
‘Present new water contnbuton to ocsans 


Fig. 2. Contributions of GIC, Greenland, and 
‘Antarctic Ice Sheets to present-day rate of sea-level 
rise (Lr), along with thei respective volumes and 
areas. 


ing tidewater glaciers, completed and under way, 
are very helpful in understanding the analogous 
‘phenomenon tice shost outlet stams, The GIC 
‘around the edges of the big ice sheets, with total 
area estimated to be more than 200 = 10 km’, 
require detailed examination, Spatial extrapolt- 
tion to obtain regional averages from representa- 
tive samples, as well as temporal extrapolation to 
predict future behavior, requires better know! 
‘edge of statistical distributions of glacier area and 
volume. 
area, thus global grids (e.g., 1° by 
applied with great care 10 avoid div 
areas into picces that do not scale correctly for 
thickness (20). 

ce wastage contributions to sea-level rise 
\will likely continue to inerease in the funure as 
warning of cold polar and subpolar glaciers 
continues and dynamically forced responses 
continue 1 occur. Our results suggest a sea 
level rise of about 0.1 t0 0.25 m in this century 
due 10 GIC wastage alone. This range can be 
‘compared with the IPCC projection total sea- 
level rise (all sources) of about 0.2 10 0.5 m 
depending on the emission scenario (the full 
cffocts of changes in ive sheet flow are not 
included). Although large ice masses may 
‘surpass the glacier contribution to sea-level rise 
in the distant future, the GIC contribution is 
important now and will be for the remainder of 
this century. 
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The Southern Ocean Biological 
Response to Aeolian Iron Deposition 


Nicolas Cassar,'* Michael L. Bender,” Bruce A. Barnett,’ Songmiao Fan,” 
Walter }. Moxim,? Hiram Levy II,? Bronte Tilbrook® 


Biogeochemical rate processes in the Southern Qcean have an important impact on the global 
environment, Here, we summarize an extensive set of published and new data that establishes the 
pattern of gross primary production and net community production over large areas of the 

Southern Ocean, We compare these rates with model estimates of dissolved iron that is added to 
surface waters by aerosols, This comparison shows that net community production, which is 

comparable to export production, is proportional to modeled input of soluble iron in aerosols. Our 
results strengthen the evidence that the addition of aerosol iron fertilizes export production in the 


Southern Ocean. The dat 


Iso show that aerosol ion input particularly enhances gross primary 


production over the large area of the Southern Ocean downwind of dry continental areas. 


surface waters of the Southem Ocean has 

‘an important impact on distributed prop 
erties of the environment. First, it influences 
the residual nutrient burden of waters that flow 
northward in the subsurface to supply nutrients 
to much of the extrapolar ocean (/). Second, 
carbon export removes COs from surface wa- 
ters, thereby influencing the atmospheric COs 
concentration over both glaciabinterglacial 
and anthropogenic time scales. There is com- 
pelling evidence that iron supply from a num- 
ber of sources (such as coastal sediments, 
aerosols, upwelling, ice melting, and enhanced 
mixing over high topography) influences rates 
of both gross production and carbon export by 
Southiem Ocean ecosystems, Ocean color data, 
for example, show that biomass is elevated 
downwind of aeolian iron sources, and extra- 
ordinary “patch” experiments have shown that 
iron addition enhances primary production 


T: rate of organic matter export from the 
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and new production in several representative 
regions (2), 

‘To understand the potential for acotian iron 
fentlization, we compared a large number of net 
community production (NCP) measurements 
in the Southem Ocean (3, 4) to a modeled Fe 
deposition (5). NCP and. gross primary produc- 
tion (GPP) are calculated as the production rates 
required 10 maintain the observed biological O; 
supersaturation (derived from OyAn) and O 
triple-isotope anomaly against equilibration 
sas exchange (parameterized in terms of wind 
speed) (6). NCP from O3 is the stoichiometri- 
cally equivalent rate of organic carbon produc- 
tion in excess of respiration; it approximates 
carbon export from the mixed layer. Our dataset 
stablishes the pattem of this fundamental rate 
process in the Southem Ocean at a scale here- 
tofore accessed only for chlorophyll, which re- 
fleets biomass. We implemented these methods 
with samples of water from the upper-ocean 
mixed layer. Samples were collected by us or 
collaborators on cruises of opportunity and 
retumed 10 the laboratory for analysis; in this 
‘was possible 10 assemble a very large 
data set. 

Our approach to determining NCP and GPP 
has distinct attributes and limitations. The meth- 
ox accesses production over times on the order 
of 1 week, comesponding to the mixed-layer 
depth divided by the piston velocity. We as- 


sumed steady-state mixed-layer depth and pro- 
ductivity (clearly a simplification). We ignored 
‘exchange between the mixed-layer and underly- 
ing waters. The analysis of Wang et al. (7) su. 

gests that, in the Polar Front Zone and the 
Subantaretic Zone, this process is of minor im- 
portance in the summer and in the spring. When 
the flux of O, is ino the ocean, we report ney 
tive values of NCP. Although we refer to the air- 
‘a biological Op flux as NCP, we were unable 
to detennine whether negative values reflect net 
hhcterotrophy in the mixed layer oF upwelling of 
Opundersaturated waters. 

Figure | shows summer NCP values superime 
posed on Southern Ocean properties (8), Most 
‘of the Southem Ovean can be considered a 
hiigh-nutrient low-chlorophyl region, with the 
caveat that the area north of the Antarctic Polar 
Front (APF) is depleted in silicate during sum- 
mertime, The strong westerlies around the 
Antarctic continent drive a northward Ekman 
transport of nutrient-rich circumpolar deep wa- 
ters that upwell south of the APF. From the 
south, the Antarctic Zone lies between the 
Southern Boundary of the Antarctic citcumpolar 
‘current and the APF, the Polar Frontal Zone 
stretches from the APF to the Subantaretic 
Front, and the Subantarctic Zone extends from 
the Subantarctic Front to the Subtropical Front. 
‘The Subtropical Front is the boundary between 
the warm and salty subtropical waters and the 
relatively cooler and fresher waters of the South- 
‘em Ocean, The summertime chlorophyll distri 
bution is shown by the background colors of the 
map (Fig. 1) 

We observed that, in general, NCP rises toward 
the north (Figs. 1 and 2), with considerable spa- 
tial heterogeneity, Visual inspection, along with 
the statistical analysis of Reuer et al (4), shows 
that NCP is weakly correlated with climatolog- 
ical satellite chlorophyll estimates, Our results 
also show higher NCP and GPP in the spring 
than in the summer over most of the Southem 
‘Ocean (9) (Fig. 2). Our approach underestimates 
NCP in upwelling areas, where mixing 10 the 
surface of O2-depleted waters lowers the bio- 
logical O2 supersaturation. For this reason, the 
apparent poleward decrease in NCP could par- 
tially be driven by upwelling of upper circum- 
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polar deep water south of the APF. However, we 
believe that part of this poleward decrease accu- 
rately reflects the gradient in mixed-layer fetlty 
because chlorophyll concentration, as well as our 
"A-based estimates of GPP (which are less af- 
fected by upwelling), show a similar rend (Fig. 2) 

We considered three properties that, indi- 
vidually and in combination, influence spatial 
variability of summertime Southem Ocean pro- 
ductivity: Si(OH)g, light, and iron. Si(OH), un- 
doubtedly limits diatom production at certain 
times but cannot account forthe pattern of GPP 
and NCP that we observed: It is replete only in 
southern waters, but production is highest in the 
north (4), In addition, because of diatom Si:C 
plasticity, limitation of SiOH), uptake docs not 
necessarily entail carbon-specific growth Timita- 
tion (10), The mixed layer is sometimes light- 
limited because deep mixed layers, with lower 
‘mean iraianee, are typical of the Southem Ocean, 
However, a comparison of our summer NCP mee 
surements to climatological photosymthetically 
active radiation within the mixed layer shows no 
satistically significant correlation (fig. SI). 

Iron might account for meridional variability 
in open ocean production in one of three ways. 
Firs, i the source of iron is upwelled subsurfce 
‘waters, production should be elevated near the 
zone of upwelling—mainly around and south of 
the APF. Indeed, there is some evidence for 
higher production at the APF. However as water 
‘upwells south of the APF and flows northward in 
the Ekman Drift, we do not observe the predicted 
decrease in production, Which theoretically would 
be causad by removal of iron by scavenging and 
carbon export Furthermore, stalesffom the Aus- 
tralian and Pocitic sectors of the Souther Ocean 
agree that the mixed-layer Fe concentration in- 
creases, rather than decreases, toward the noth 
(1-13), This iter inerease to the north is. ac- 
‘companied by rising relative variable fluorescence 
as measured by fast repetition rate fluorometry 
(/4, 15), Relative variable fluorescence is positve- 
ly comeated to in situ Fe concentration in the 
Southem Ocean (/4). In addition, phytoplankton 
communities nom of the APF do not respond as 
strongly in Fe enrichment experiments as the ones 
south of the APF (/). 

Second, if the source of iron is seasonal or 

nual aerosol input, production should be 
comelated to long-term average Fe deposition. 
Given a plausible residence time on the order of 
5 months (calculated for the Subantaretic Zone 
oluble iron deposition = 0.06 mol 
m? day ', mixed-layer depth = 30 m, and 
mixed-layer [Fe] =0.3 nmol kg '), the dissolved 
Fe concentration will reflect aerosol deposition 
‘Somewhat upstream of the sampling point, a 
complication we neglect here, In Fig, 3A, we 
plot NCP versus the annual iron deposition rate 
at the sampling location computed by Fan et al. 
(S). Their model, driven by analyzed meteoro- 
logical properties, simulates chemical changes 
cccurring in aerosols that increase Fe solubility 
With atmospheric transport time (Fig. 4A). This 


24 AUGUST 2007 VOL 317 SCIENCE 


increase in Fe solubility exerts firt-onder control 
‘on aerosol Fe input to the oceans (76), Relative 
to a model assuming that a constant fraction of 
iron dissolves, models invoking chemical trans- 
formations predict diminished soluble Fe addi- 
tion near dust sources and enhanced delivery in 
remote regions (Fig. 4B). Uncertainties in the 
entrainment rates of dust in the source areas and 
the ffaction of soluble iron in setting aerosols 
introduce important errors into rates of soluble 
iron deposition simulated by the model. There is 
clearly a strong corelation between NCP and an- 
‘ual Fe deposition (r = 0.60, df = 381; Fig. 3A). 

Thin, if the source of iron is synopticseale 
deposition, production should be correlated with 
the deposition rate during some recent period. 
The correlation coefficient between NCP and 
soluble iron deposition is a maximum when iron 
deposition is averaged for a period of 14 days 
before sampling (r= 0.53, df = 381: Fig. 3B), 
dccreasing only slightly with longer averaging 
times (6). This period may be shorter than the 
average residence time, Nevertheless, synoptic- 
scale events would lead 10 variability of about 
25% in the ambient iron concentration given tran- 
sient doublings and halvings of the soluble iron 
input with a 30-day eycling time. Such changes 
appear feasible basod on the comparison of aver- 
‘age Fe deposition at sampling sites during. the 
2-week period before collection and the average 
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annual Fe deposition atthe sites (fig. $2), and the 
variability would of course be greater if the res- 
idence time were <5 months, Fe excursions might 
raise NCP by inducing transient increases in phy- 
toplankton growth that woukl eventually be cur- 
tailed as grvzers respond, Altemutively, recently 
‘addled iron might be more available to phiytoplank- 
ton than inon that has resided for @ longer tn 
the mixed layer, A large proportion of Fe in the 
mixed layer is organically chelated (/7, 18), and 
the bioavailability of this lizand-complexed Fe is 
poorly understood (/9). Similar analyses demon- 
strate the influence of soluble Fe deposition on 
GPP as well (fig. $3), 

Thus, our data are compatible with cither an- 
‘ual iron depastion or synoptic-scale inon deposi- 
tion that has a significant influence on variability of 
NCP. as well as GPP, in the Southem Oocan. Str 
tistical tests confimn the link between it 
ion deposition and increasing NCP and GPP (6), 
Some of the variability in NCP versus Fe depesi- 
tion can be explained by other sources of Fe (such 
as meltwater, sedimentary, ane! upwelling sources), 
variable phytoplankion Fe:C quotas, light and 
silicate limitations, parameterization of the atmo- 
spheric Fe dissolution kinetics, acolian trnypon 
model cmors, and) wind parameterization of the 
piston velocity, 

‘To explore the potential and nature of atmo- 
spheric Fe fertilization, we performed a model 
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Fig. 1. Austral summer NCP measurements in the Southern Ocean. Yellow circles indicate locations of 
summertime O/Ar samples from which we calculated aif-sea O> fluxes and NCP values. Open circles 
denote O,-undersaturated waters and 0; fluxes into the ocean. Closed circles reflect net autotrophy, 
with the circle size proportional to its magnitude. The largest filled circle represents 168 yimol Om 
cay"™, Sea-Viewing Wide Field-of-View Sensor (SeaWiFS) summer chlorophy/l a climatology is also 
shown (color bar, bottom, in mg m”). (Inset) Color-coded sampiing sites with summer, spring, and fall 
in blue, green, and orange, respectively. Dashed lines indicate the climatological locations of fronts that 
separate the main water masses associated with the Antarctic circumpolar current (ACO) (35). 
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I Teastsquares bisector regression analysis (20) 
to calculate the Fe'Cuy ratio (aerosol Fe input 
NCP) implied by our data (Fig. 3B), We adopted 
‘an Q2/C molar photosynthetic quotient of 14 
for NCP {i.e., NCP is assumed to be mostly 
nitrate-derived) (2/). The resulting Fe'Cory 
ratio for the spring and summer seasons is 


2.5 mol mot '. This number is markedly sim- 
ilar to the oceanic Fe'C ratios in Southem Ocean 
phytoplankton (22) (1.5 and 2.1 jumol mol * in 

the Ross Sea and Drake Passage, respectively). 
For comparison, Fe:C in laboratory cultures of 
Thalassiosira oceanica varies between 2.5 10 34 
mol mo" depending on Fe availablity (23), 


Fig. 2. Zonally aver- 
‘aged seasonal and re- 
gional gradient in (A) 
O,/Ar-derived NCP, (B) 
oxygen triple isotope— 
derived GPP (mmol m=? 
day) from available 
measurements, and (©) 
Fe fasanen (umot mr? 


A 


NCP (mmol m2 d-!) 


» from corespond- 
tng model gid Bos. 


Standard error bars are 
also shown when avail- 
able. STF, Subtropical 
Front; SAF, Subantarctic 
Front PF, Antarctic Polar 
Front (APR); SACCE, South: 
fem ACC Front; SBDY, 
southem boundary of 
the ACC. 
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Fig. 3. Spring (16%) 
and. summer (84%) 
NCP measurements ver 
‘sus corresponding mod- 
eled annual (A) and 2- 
week (B) Fe deposition 
rates, Gray pluses, circles, 
and triangles represent 
individual observations, 
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regional averages. for 
each transect, and te- 
gional averages of all 
samples, respectively. The 
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blue line represents a 
model I least-squares bi- 
sector regression analysis. 
‘The red line represents 
an Fe requirement of 1.4 
iM Fe/MO, [compatible 
with Sunda’s (22) South- 
ein Ocean phytoplanke 


NCP (mmol Op m-® d-) 


ton’s FexC ratio estimate S05 
anda 
tient of 1.4 (22)). 
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In the Southem Ocean, where Fe is highly lim- 
iting, phytoplankton species are atthe lower end 
of this ringe (24-28), Deriving our estimates for 
the cellular Fe quota based on NCP is reason- 
able if, in the mixed layer, Fe is stoichiometri- 
cally cycled along with organic carbon, rather 
than independently exported (28). Stoichiomet- 
ric cycling is supponted by the FetC remineral- 
ization ratio, which is also about 2 mol mol! 
(22), Hence, our results show that. photoauto- 
trophs may rely on acolian input of Fe over a 
broad area of the Southem Ocean. 

Our work, together with other recent studies, 
provides a comprehensive picture of the ways 
in which iron fertilization and iron limitation 
influence the biomass and ferility of Southem 
Ocean ceosystems. There are five sources of 
bioavailable iron to surface waters oft: Southem 
‘Ocean, First, melting of sea ice ean release ac- 
‘cumulated iron that contributes locally to spring 
time blooms along the ice edge (29). Second, 


the release of dissolved iron or resuspension of 


sediments can supply iron to waters overlying 
shallow sca floor, accounting for high produc- 
tivity in continental shelf environments (along 
the Antarctic coast, for example) (30). Third, 
upwelling supplies ton and accounts for el 
vated productivity in some arvas of the APF (3/) 
and along the continental slope. Fourth, vertical 
mixing, induced by rough bottom topography, 
supplics iron to surface waters and enhances pro- 
ductivity in regions such as the Scoti 

of the Drake Passage, and the Kerguelen Plateau 
in the center of the Indian Antarctic sector (32). 
Finally, as we discuss, delivery of soluble iron 
‘by acrosol deposition supplies that clement to 
the Southem Ocean, particularly areas down- 
wind of substantial dust sources, accounting for 
‘elevated chlorophyll and/or productivity to the 
‘cast of Patagonia and to the south and south- 
west of Australia, New Zealand, and Africa, 
Regions lacking all sources are the least fertile 
in the Southem Ocean, despite their high bur- 
dens of NOs, PO,’ , and S(OH),. These in- 
clude waters overlying the Enderby Abyssal 
Plain (westem Indian sector), South Indian Basin 
eastem Indian sector), and the Bellingshausen, 
abyssal Phin (Pacific sector), all in the Antarctic 
Zone of the Southem Ocean. 

Both data and models support the idea that 
the flux of dust t0 the Southem Ocean was 
much higher during the last ice age than during 
the present or preindustrial times (33), In the 
Subantarctic region, lower 8"°N of sedimentary 
nitrogen in glacial sediments (34), along with 
more rapid biogenic SiO, accumulation, indi- 
‘cates higher rates of export production. Increased 
iron delivery is certainly a plausible explana 
tion for faster export. According to the model 
of Robinson er al. (34), the resulting depletion 
‘of subantaretic waters in nutrients and TCOs 
would have led to an atmospheric CO draw- 
down of up to 40 parts per million, accounting 
for nearly half the glacial lowering of atmo- 


spheric CO, Our work shows that delivery of 
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Fig. 4. (A) Annual deposition fluxes of dissolved Fe to the ocean based on the Fan et al. (5) two-step solubility process (mol m™ year"), (B) Ratio of 
fluxes shown in (A) and a constant 5% Fe solubility model. 


airbome Fe increases proxtuction of subantarctic 
‘waters, strengthening the link between enhanced 
Fe delivery and lower CO2 during the ice ages. 
Our work also underscores the importance of 
understanding the implications of the lange 
change in dust transport to the ocean simulated 
for the coming centuries (33). 
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The Evolution of Selfing in 
Arabidopsis thaliana 


Chuntao Ta 


2 Christopher Toomajian,’ Susan Sherman-Broyles,? Vincent Plagnol,"? 


Ya-Long Guo,* Tina T. Hu,’ Richard M. Clark,* June B. Nasrallah,” 


Detlef Weigel,** Magnus Nordborg** 


Unlike most ofits close relatives, Arabidopsis thaliana is capable of self-polination. In other members, 
of the mustard family, outcrossing is ensured by the complex self-incompatibility (S) locus, which 
harbors multiple diverged specificity haplotypes that effectively prevent selfing. We investigated the 
‘ole of the 5 locus in the evolution of and transition to selfing in A. thaliana. We found that the S locus 
of A. thaliana harbored considerable diversity, which is an apparent remnant of polymorphism in the 
outcrossing ancestor. Thus, the fixation of a single inactivated S-locus allele cannot have been a key 
step in the transition to selfing. An analysis of the genome-wide pattern of linkage disequilibrium 
suggests that selfing most likely evolved roughly a million years ago or more. 


¢ transition from outcrossing to selfing is 

I ‘a major theme in the evolution of flowering 
plants, having occurred independently in 
rmumerous Tincages (/). Although it leads 10 


inbreoding depression, the ability 10 self can be 
‘advantageous when colonizing new territory and 
is therefore associated with weedy and invasive 
species. A. thaliana, a member of the Brassicaceae, 
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Fig. 1. (A) Plots illustrating 
sequence conservation (18) across 
the S-locis region between C24 
and Col-0 (bottom plot) and be- 
tween Cvi-0 and ColO (top plot). 
Colored regions designate the U- 
box, YISCR, WISRK, and ARK3 loci, 
respectively. Sequence similarity 
is represented on the y axis. 
Most ofthe S locus is too diverse 
to be aligned for the three 
haplotypes. (B) Plot of LO 
Imeasured as r7, with the darkest 
and lightest colors. indicating 
complete linkage and no linkage, 
respectively (19)] across the S-ocus 
region, See table $1 fora summary 
of investigated polymorphisms. Be- 
cause the observed polymorphisms 
‘are highly clumped, the spacing in 
the plot is nonlinear: Thin lines 
connect the actual positions of 
polymorphism along the chromo- 
some. The hightighted blocks ius 
trate strong LD not only within the 
Usbox and ARKG genes but also () 
actoss the $ locus from Atag21360 
(a transposable element) through 
SYSRK and (i) across the entire 
region from the U:box to ARK3, 
(Cand D) Observed LD decay in 
.genome-widesingle-nuceatide poly. C 
‘morphism data (12) as compared 

with coalescent simulation results 

(20), assuming a constant popula- 

tion size (C) oF assuming popular 

tion growth (0). The simulations i 


oy 


fit the data only ifthe transition to 
selfing occurred so recently that no 
trace would be visible ("no change 
in selfing rate’) ors long ago that 7 
the trace would have been lost os 
(change at T = 1 million years 

(my)"]. Ky, thousand years. 


isa highly selfing plant that is separated from its 
closest relative, the selEincompatible A. diva, by 
about $ million years (2, 3) 

In the Brassicaceae, the main components of 
the $ locus are the tghily linked locus eysteine- 
rich protein (SCR) and S-locus receptor kinase 
(SRK) genes, which encode male and female 
specificity determinants of selEincompatibilty, 
respectively (4), The S locus is characterized by 
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‘Conatart popuation ze 


on 
5 «© # 
‘stance (6) 


highly divensed haplotypes, as predicted by 
theory (5). Because thaliana is sel-compatible, 
the selFincompatbiity system must be inactive, 
‘and both SCR and SRK are pseudogenes (SCR 
and SRA) in the reference accession Col-0 (5), 
Because transformation with S-locus alleles 
from 4. fyrata can restore selfincompatibility in 
A. thaliana (6), inactivation of the S locus could 
have been the key step in the transition to selfing. 
If this occurred only once, it should have shagply 
reduced variability at this locus [a so-called 
“Selective sweep” (7, 8} Even if such an event 
happened a long time ago, it should be readily 
detectable because the ancestral locus would have 
been extremely polymorphic (5, 9). 

Wee investigated variation at the $ locus using 
several approaches. Polymerase chain reaction 
(PCR) amplification of YSCR and SRK failed 
in many of 96 surveyed accessions (0), indicating 
that these genes are either Very diverged in se- 
quence or missing. These results were supported 


REPORTS [| 


8 e 8 @ 
‘étance (0) 


by whole-genome resequencing data for 2¢ 
ccessions with oligonucleotide arrays (1), The 
locus region of many accessions did not hybridize 
\well tothe arrays, which had been designed based 
‘on the reference sequence. Several, highly diverged 
haplotypes extend throughout the Socus region 
(table S1). About 35 accessions are very similar 
to the CoL0 reference. Cvi0, from the extreme 
south ofthe species’ range, camriesa very distinctive 
haplotype that occurs only once in our sample. 
Another distinctive group includes nine acces- 
‘sions, with origins ranging from Kashmir (2) to 
Spain, The remaining accessions are characterized 
‘by different but consistent pattems of missing data, 
This hitter group includes C24, which caries an 
‘extensively rearranged haplotype (see below). 

‘We didcoxy-sequenced bacterial atitical chro- 
rmosomes (BACs) covering the S locus fiom two 
accessions: C24, which was the only accession for 
Which selF-incompatibility was restored. upon 
transformation by S-ocus alleles from A. (yrata 


SCIENCE VOL 317 24 AUGUST 2007 


1071 


1072 


| REPORTS 


(6), and the highly divergent Cvi-0 (13). In C24, 
the Socus is extensively rearranged as compared 
with that of CobD, and ‘PSCR is deleted (14), 
‘whereas in Cvi0, the S locus is similar in structure 
to Col-0 but & highly diverged in sequence (Fig. 
IA), Most of the sequence between the U-box 
gene and Y!SRK cannot be aligned for the three 
haplotypes. CvF-0 SCR carries no obvious null 
Whereas Cvi-0 “PSRK has a distinctive 


‘Because we found high variation our data rule 
cout the fixation of a single loss-of-function allele 
a the S locus as a key step in the transition to 
selfing. Instead, the ancestral balanced polymor- 
phism at the $ Tous is gradually being eroded 
through genetic dit, perhaps in combination with 
fo process that may be very 
slow, especially in highly structured populations. 
‘The A. thaliana SRK alikes are shared with closely 
related species (/5). Given that linkage disequi- 
librium (LD) extends throughout the S-locus = 
sion (Fig, 1B), it scems likey that the same will be 
true for SCR. At the same time, the observation that 
transformation with locus lees from A. brata 
dloes not always restore selEincompatbility (6) 
suggests multiple evolutionary routes to selfing. 

ur results contradict a report of low varibil- 
ity a SCR (but not YSRK) resulting from a 
recent selective sweep (12). The disagreement is 
not due to differences in the sample that was used: 
We were unable to replicate previously published 
results (/2) using the published PCR primers and 
agvessions (lable $1 and fig. 2), and the reported 
YUSCR sequence in Cvi-0 disagrees with our BAC 
sequence, although the highly divergent PSRK is 
identical in our BAC sequence and in the se- 
quence in the previous report. We therefore 
conclude thatthe published results are ertoneous, 


It has been noted that a seketive sweep at SCR, 
but not SRK, seemed unlikely (15): Our data 
resolve this contradiction. 

Finally, we considered when selfing might have 
evolved. It has been estimated that SRK started to 
become a pseudogene no more than 413,000 
years ago (75); however, the transition to selfing 
‘ould have taken place earlier if loss of Socus 
function was not the fins step [as suggested by the 
discovery of 3 modifier of selincompatibility in 
A thaliana (16)), To obtain an atemative estimate, 
‘we examined the genome-wide pattem of LD (12). 
LD in a partially selfing onganism should decay 
Tike that in an outcrosser, albeit more slowly (17) 
However, a very different pattem is expected with 
4 recent, dramatic change in outcrossing, bocause 
recombination events that took place before the 
transition to selfing would have been more ef- 
fective in breaking up LD. As a result, long-range 
LD, which reflects recent events, should be 100 
high relative to short-range LD, which reflects 
‘more ancient events. This patem should be de- 
toctable unless selfing evolved cither a very Jong 
time ago (on the onder ofthe coalescence time, oF 
about 10° years in A. thaliana) or very recently, in 
‘hich case the LD pattem should sil ook like that 
of an outcrosser. The LD decay reveals no indi- 
cation of a recent change in selling (Fig. 1, € and 
Dy, and because the LD pattem is very different 
fiom that in an outcrosser, specieswide selfing 
most likely evolved on the order ofa million years 
‘ago oF more. This would also have provided! ample 
time for the suite of selfing-associoted traits that 
distinguish A. thaliana fiom A. fyruta to evolve (3), 
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Anatomy and Dynamics of a 
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Most plasmalemmal proteins organize in submicrometer-sized clusters whose architecture and dynamics 
are still enigmatic. With syntaxin 1 as an example, we applied a combination of far-field optical 
anascopy, biochemistry, fluorescence recovery after photobleaching (FRAP) analysis, and simulations 
to show that clustering can be explained by self-organization based on simple physical principles. On 
average, the syntaxin clusters exhibit a diameter of 50 to 60 nanometers and contain 75 densely 
crowded syntaxins that dynamically exchange with freely diffusing molecules. Self-association depends 
‘on weak homophilic protein-protein interactions. Simulations suggest that clustering immobilizes and 
conformationally constrains the molecules. Moreover, a balance between self-association and crowding- 
induced steric repulsions is sufficient to explain both the size and dynamics of syntaxin clusters and 
likely of many oligomerizing membrane protein that form supramolecular structures. 


he fluid mosaic model for the structure of | 


| biological membranes (/) proposes that 


individual membrane proteins diffuse 
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fively in.a sca of lipids. However, it is becoming 
clear that most membrane proteins are organized 
in clusters that are diverse. Current popular theo- 


ries for membrane compartmentalization do not 
provide a satisfactory explanation for this degree 
‘of micropatteming. For instance, partitioning. 
Iected components into lipid rafts is supposed to 
‘organize the membrane (2), but whereas gl ycosyl- 
phosphatidyl (GPI)-anchored proteins enrich in 
rafts, the large majority of transmembrane 
proteins prefer the nonraft phase, Other models 
propose subplasmatemmal “fences” and “pickets” 
to form compartment boundaries (3). However, 
these theories can explain formation of only a 
limited number of different plasmalemmal com 
partments, what is difficult to reconcile with the 
Jarge compositional diversity of membrane do- 
mains. Thus, the physical principles underlying 
‘most membrane protein clusters are not yet ade- 
‘quately understood, 

everal observations are consistent with high- 
ly specific clustering mechanisms, Particularly 
striking are observations that several integral 
‘membrane protein isoforms or structurally similar 
family members segregate in nonoverlapping 
clusters, including receptors (4), lipid phosphate 
phosphatases (5), and members of the soluble 
‘-thylmaleimide-sensitive factor attachment pro- 
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tein receptor (SNARE) family [so-called syntaxins 
(6, 7)|. Segregation of syntaxins is likely function 
ally important because syntaxin | and 4 clusters 
present sites for docking and fusion of secretory 
granules and caveolae, respectively (8-10). In 
vitro, syntaxin 1 forms homo-oligomers via its 
SNARE motif (//), and, although most syntaxin 
clusters are ako stabilized by cholesterol [for 
example, (6, 8-10)], it has been shown that for 
specific cluster formation homophilic 
tions of the SNARE motifs are essen 


renders a se 
protein-prot 
mee 
cluster formato 


ng system 
cractions, a pl 
ism, explaining the high speciticity of 
the existenes et 
ech cl-onganizing 
process could so farnot be established because of 
limited knowledge about the size, composition, 
and dynamics of the clusters 

To overcome this limitation, we have com- 
bined the nanoresolving power of stimulated 
emission depletion (STED) fluorescence mi 
croscopy (fig. SI) (2-74) with quantitative 
biochemistry, fluorescence recovery after photo- 
bieaching (FRAP) nd simulations to 
determine the physical basis of the supramo- 
Iecular nanostructure formed by syntasin 
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A Density of Sx1 clusters 


In nourwendocrine PC12 cells, the density of 
syntaxin clusters per surface area plasma meu 
‘brane was quantified by STED microscopy on 
membrane sheets (Fig. 1A). STED microscopy 
reaches resolutions far below that of conventional 
light microscopy (2-14) and is able wo separate 
individual clusters (Fig. 1A), Featuring a focal 
plane resolution of SO nm, that is, ~S times 
beyond the diffraction barter, the STED micro- 
scope revealed an average density of 19.6 
clusters per um? (Fig. 1A). To estimate the total 
number of clusters, we futher determined the 


average cell surface arca by confocal 
(460 

bout 9000 clusters. Quantitative immu 
ting revealed an average of 830,000 syntax 
1 copies per cell (fig. $3), yiekling a syntaxin 
cluster ratio of 90, which is an upper estimate 
(5). STED microscopy also revealed an avera 
cluster diameter of 50 to 60 nm (Fig. 1B) (15), 
suggesting that within the cluster syntaxin mo 
cules are densely packed. 

To examine the mobility of syntaxin in the 
plasma membrane, we performed FRAP experi 
ments in fiving PC12 cells expressing gre 
Auorescent protein (GFP)-labeled syntaxin 1A. 
This method determines the overall mobility 
although it is not able to differentiate between 
clustered and freely moving molecules. As 
shown in Fig. 2, fluorescence recovery times 
ranged from 40 10 60 s, much higher tha 
expected for a freely diffusing protein with 
single transmembrane region (TMR) [(/6); for 
diffusion coefficients, se (/5)], and full recovery 
the experiment 
that incomplete 
we performed 


ot reached in the course 


160. 


s 8 


number of clusters 


8 


0 2% 4 6 80 
FWHM (rm) 


FRAP control experiments on membrane sheets 
that cnabled us to correct the signal for bleaching, 
and laser fluctuations because the total fluores 
cence of the preparation was known. No 
difference in FRAP was observed between live 
cells and membrane sheets (fig. S4). This 
experiment further indicates that cytosolic factors 
and actin reorganization play no role in control- 
ling syntaxin mobility 

To identify the region of the protein that is 
responsible for mobility restriction, we studied 
‘mutant forms and deletion constructs of syntaxin 
1A, Syntaxin 1A contains a C-terminal TMR, a 
membrane-adjacent SNARE motif, and an inde: 
pendently folded N-terminal domain connected 
tothe SNARE motif viaa linker region (/7) (Fig. 
2B). It has been previously shown that syntaxin 
form oligomers via its TMRs (/8) and can 
adopt a closed conformation in which the N- 
terminal domain is folded back onto the SNARE 
‘motif (/9), In FRAP experiments, mutations that 
prevent TMR oligomerization (18) othe closed 
conformation (/9) behaved indistinguishably 
from wild-type syntaxin (Fig. 2B), indicatin 


that these mechanisms have no strong infl 
on syntaxin. mobility mobility 
ased dramatically after deleting most of 
syntaxin’s cytoplasmatic part, and restriction in 


mobility could be rescued by adding, back th 
SNARE motif (Fig. 2C), Shortening the N: 
terminal part of the SNARE motif’ gradually 


increased mobility from region -S on, with 
almost maximal mobility observed after deletion 
of region -3 (Fig. 2, D.and F), Thus, the part from, 
S to -3 is essential for restricted mobility 
because construct 
3 but lacking the 


However, it is not suflicie 
SA (Fig, 2F), containing ~$ t 


B Histogram of measured Sx1 cluster size 


too 120 140” 160 Toonm 


Fig. 1. Syntaxin 1 clusters in PC12 cells. (A) Syntaxin 1 clusters were vi- 
swalized by antibody staining for which access to the inner leaflet of the 
plasma membrane is 3 prerequisite. To avoid detergent permeabilization of 
the plasma membrane that may lead to artificial protein distribution, we 
removed the upper parts ofthe cells by a brief ultrasound treatment (i 
and immunostained the remaining plasma membrane sheets after fixation. in 


54) 


contrast to their confocal counterparts (le), nanoscale-resolution STED micrographs (right) reveal that syntaxin concentrates in clusters at an average density of 
19.6 + 5.7 per um? (mean + SD, n= 47 membrane sheets). Bottom images are magnified views from boxed regions in top images. (B) Histogram showing the 
distribution of full width at half maximum (FWHM) of syntaxin 1 cluster signals obtained from STED micrographs by line scan analysis (median = 68 nm; 1166 
clusters from 25 membrane sheets). The FWHM of individual clusters was determined from the Lorentzian fit (gray line) of the line scan (black tine) through the 
corresponding cluster From the median value of 68 rim, we estimated the real average cluster size to be between 50 and 60 nm (25). 
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subsequent part from —2 10 =8, shows fast 
recovery (Fig. 2E). These experiments suggest 
that SNARE motif associating along almost 
their entire length are responsible for the reduced 
mobility of syntaxin, whereas its closed confor- 
‘mation and TMRs play no role, The similarity 10 
the mechanism that directs syntaxin into clusters 
(7) indicates that reduced mobility is caused by 
the assembly of syntavin into cluster 
As discussed above, FRAP does not differ- 

1e whether recovery results from diffusion of 
‘clusters or from individual syntaxin mole 
ging between 

immobile clusters. To address this question, we 
studied the dynamics of syntaxin 1A-GFP clus 
ters, In this experiment, dillraction-limited spots, 
composed of a few individual clusters, were 
‘monitored that should reorganize, move, or show 
intensity fluctuations if clusters To 


cules (oF small oligomers) excha 


tion, we used native plasma membrane sheets i 


A SxIAGFP 


suacre 
pen SHIAGFP (apa) 


‘which syntaxin mobility is indistinguishable com- 
pared to that of intact cells (fig. $4). 
spots did not change over minutes (Fig. 3), suz- 
‘gesting that fluorescence recovery occurs Via ex 
change of syntaxin molecules between clusters 
‘Together, these data show that free and clustered 
syntaxin molecules are in dynamic equilibrium 
\with each other and all that is needed for clus- 
tering are weak homophilic interactions between 
plasmalemmal syntaxin molecules, Because 

overexpress 
cluster number rather than cluster size and does 
generate a uniform syntaxin distribution (7), 
itis unlikely that other proteins are involved 
the clustering mechanism. We therefore asked 
whether size a umics of such micro- 
domains could be govemed by simple pl 
principles rather than by claborate layers 
biological regulation. In. the 
clusters would form by selfo 
depending on weak attractive forees involving. 
homophilic SNARE motif interactions (likely 


fecincre 


Sia TuR-GFP uy 
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{SHIA SHARE ob TMR-GFP (SNARE) 


supported by cholestrol) that are balanced by 
repulsive forces that may inelude steric hindrance 
duc to crowding 

“To est whether tis is possible, we simulated 
FRAP experiments by Brownian dynamics (Fig 
4, A and B) using a simple interaction potential 
between individual syntaxin molecules (Fig. 4B 
inset, bold line), An additional repulsive com- 
ponent was introduced, which strengthens with 
cluster size (Fig. 4B inset, dashed lines showing 
the resulting potentials), The known concentra- 
tion of syntaxin [about 1800 molecules per um’; 


see also (/5)] was used, and syntaxin diffusion 
of the construct 
been 


was assumed to be similar to 
lacking the cytoplasmatic part, which hy 
shown previously not to participate in sy 
clusters (7), OF the two adjustable parameters, the 
cffcctive attraction and the strength of the repul- 
sive component, only those parameter combina- 
tions were considered for which the simulations 
equilibrated at the experimental cluster density 
For each of the allowed combinations, the sim- 


Fig. 2. Syntaxin 1 mobility is 
determined by the clustering 
reaction. (A) Confocal images 
from the basal plasma mem- 
brane of a PC12 cell express: 
ing GFP-labeled syntaxin 1A. A 
squared region was bleached 
‘and FRAP was monitored, In 
‘one experiment, traces. from 
individual cels (fig, 56) were 
| averaged and fitted, and the 
recovery half time was deter- 
mined. For each set of experi- 
iments [(B) to (E);n from 3 to 5 
independent experiments), the 
means + SEM of the recovery 
half times and the trace ob- 
tained by averaging the single 
‘experiments are shown. Syn- 
taxin 1A (5 x 1A) was com- 
pared to point mutants (B) or 
deletion derivates (C), (D and 
E) Testing the constructs indi- 
cated in (F), we studied the 
mechanism by which the 
SNARE motif controls mobility 
in further detail. Construct ~4 
is significantly different from 
=2, =3, and -5 (P < 0.05, 
paired t test, n = 5). (P) 
Numbers ~7 to +8 refer to 
amino acids (24) (highlighted 
in blue and red) participating 
in layers of interaction in a 
hypothetical SNARE core com- 
plex (25). 
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‘ulation equilibrated at different amounts of syntaxin 
molecules per cluster and hence different fractions 
of five syntaxin, as indicated in Fig. 4B. With 
proper selection of the free syntaxin fraction, per- 
fect agreement with the measured recovery curve 
‘was obtained (Fig. 4B, green curve), This shows, 
that tho observed self-organizing process can be 
explained in terms of simple interactions. Further, 
‘an average cluster size of 75 molecules is pre 


Sx1A-GFP cluster dynamics on membrane sheets 


ctween cistered and freely diffusing molecules 
werned by a distribution of dissociation time 
tants (fig. SS) with an average rate constant 
of (ea) = 2: ‘only a small frac 
tion of syntaxin is freely diffusing, a much higher 
degree of fluorescence recovery is mached be 


Fig. 3. Mobility of 
syntaxin clusters. Mem 
brane sheet generated 
from a syntaxin. 1A 
GFP-expressing PCI 
cell. A S-min time- 
lapse experiment using 
epifluorescence mics 
copy was performed. 
Top left, 144- vimethy- 
ammoriumpheny6 
pel -.3,S-henatrene 
(TMA-DPH) staining for 
phospholipids of the 
membrane sheet. Mid- 


dle and last images, first and last images of the GFP channel and coresponding overlay. The Pearson 
correlation coelficient of the first and last image was calculated, indicating high simitarity [0.82 + 0.11 


(mean + SD; 
indicated times. 


Fig. 4. Brownian dynamics simulation and in silico reconstruction of 


supramolecular. syntaxin. 


pan 


(A and B) Simulation of lateral syntaxin 
diffusion by Brownian dynamics. Starting from a randomly chosen 
distribution ((A), left] and governed by an assumed interaction potential 
{(8), inset], spontaneous syntaxin clustering occurred and was followed 
in the simulation until thermodynamic equilibrium was reached [(A), 
middle]. Subsequently, fluorescence recovery [(A), right) after simulated 
bleaching (orange) of the central area [(A), middle] was monitored and 
averaged over several runs [(B), solid tines]. The effective syntaxin 
interaction strength and the strength of the repulsive component were 
varied until agreement with both the experimental cluster density and 
the measured recovery kinetics (dashed red line) was reached. Inset in 
(8) shows exemplary interaction potentials for various cluster sizes n. at 

= 140 (15). Attractive interactions occur at ¢ < Max. insets in 


116 membrane sheets]. Bottom images show magnified views ofthe boxed region (top) at 


normalized signal 


cause both pools of syntaxin are in equilibrium 
with © 
mobile during the simulation within dif 
limited resolution, another characteristic that is 
consistent with our experimental data, 

Whereas the molecular basis for attractive 
forces can be readily explained by homophilic 
wctions of the SNARE motif, the origin of 
repulsive forces is less obvious. An in silico 
model of 75 open syntaxin molecules, oligomer- 
ized tightly via their SNARE motifs (Fig. 4C 
lef), offers a plausible 
tion, In this model, the bulky N-termini would 

ins to adopt a half-closed conforma- 
tion atthe rim of the eluster, resulting in a bunch 
like structure, The SO-nm diameter of the 
structure formed by the N-termini, which contain 
the epitope for antibody agrees with th 
cluster dimensions measured by STED micros 
copy. In this structure 


ch other. Moreover, clusters become im 


nd consistent explana- 


molecules are confor 


mationally constrained, and steric hindrance 
Fhment of more molecules with 
size, This effect would set an 
Upper limit for the degree of oligomerization and 
provides a molecul n for the repul- 
sive forces in the simulation, Further, it expla 
the immobile fraction of syntaxins in terms of 
slow release of inner molecules. Lastly, the 


bunchlike structure predicts that overexpression 


complicates at 


100 150 250 


lower images of (A) (length of 14.7 nm) show the repopulation of a bleached cluster (inset a) with unbleached (white) syntaxins (inset b). Please note 


that at diffraction-timited resolution, images of the clusters appear blurred, resulting 
‘nanometers (about the size of the inset bos). For this reason, in Fig. 3 cluster motions over small distances cannot be detected. (C) In sili 


reconstructions of supramolecular syntaxin. 


spotty signals (Fig. 1A) with diameters of several hundred 
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of symtaxin increases the number of clusters 
rather than their size, which is in agreement with 
previous observations (7). In contrast, & hypo- 
thetical cylindrical syntaxin arrangement (Fig. 
4C, right) would not explain our findings. 

The sel-organization model shows that a 
simple balance between weak: homophilic inter- 
actions and a repulsive component can explain all 
available experimental data on the composition 
and the dynamics of syntaxin clusters. 

Syntaxin clustering via self-assembly i likely 
‘8 paradigm that applies to a variety of membrane 
protein clusters. Like the syntaxins, many other 
‘membrane proteins are known both to form chis- 
ters and to homo-oligomerize in vitro vis their 
cytoplasmic domain. Examples include structur- 
ally diverse proteins such as synaptotagsnins 
(13, 20) and receptors (4, 21) (containing single 
transmembrane domains), anion transporters 
8 (22)] containing multiple transmembrane 
domains, and proteins such as reggie with Fipid 
anchors [ex (23)} The tendency to form homo- 
oligomers in solution would be enhanced in 
the plane of a membrane where membrane 
anchoring orients the molecules ideally for 
oligomerization, Hence, in the membrane self 
association is enforced, leading finally to 
nanodomains containing many copies of the 
self-assembled membrane proteins, Thus, just as 
for the syntaxins, homo-oligomerization will 
likely lead to cluster formation for any membrane 
protein that can selfassociate in solution, 

‘The concept of clustering via self-assembly is 
not restricted to membrane proteins oligomeriz- 


ing via their cytoplasmic domain. Rather, itcan 
be widely applied to membrane proteins oligo- 
‘merizing via their transmembrane or extracellular 
domains, with the only prerequisite being that 
in these cases there would be additional protein 
domains causing steric crowding or other re- 
pulsive forces, as, for example, accumulating 
charges. 

AS outlined above, the mechanisms underly- 
ing the high degree of membrane micropatteming 
are not well understood for most_ membrane 
proteins. With syntaxin 1 asan example, we pre- 
sent a conceptual framework for the description 
of protein domains in membrancs. This biological 
principle is expected to explain a considerable 
part of the compositional variability of membrane 
Drotcin clusters and hence will help to advance 
‘our understanding of membrane micropatteming. 


References and Notes 

5.1 Singer, G.L. Milton, Science 175, 720 (1972), 

K Simons, E.honen, Netw 387, $69 (1997). 

‘A Kasumi el, Anou Rev. Biophys. Biomol. Src. 34, 

351 (2005), 

4. 5. Ubles T. Monde, 8. Usibiger, P. 0. Berggren, 
|. Lebige, J. Cll Bik. 163, 1327 2003) 

5. ML Kai et ol). Biochem. Gokya) 140, 677 (2006) 

6 SH low eof, Mol Biol Cell 17, 977 (2008). 

7. LL Sieber, KL Wiig, RHeitamann, SW. Hel, 
Lang. loys. 90, 2883 (2006). 

tang ef ob, EMBO J, 20, 2202 (2001), 

4. MOhara-lnaizum et ol, J Blok Chem. 279, 8403 
200 

10. S.A Predescu, 0. N. Predesc, K Shimizu, 1 K Klein, 
‘A.B. Malik, J. Bio Chem. 280, 37130 (2005), 

11, LC terman, J. Reblee, R Fatman, FM. Hughson, 
‘Bochemisry 39, 8470 (2000 


12, $.W. Hel}. Wichmann, Opt Let. 19, 780 (1998), 

13. KL Wiig 5.0. Rizzoli, V. Wesighal R Jahn, 5. W. Hel, 
Notue 440, 935 (206). 

14, G Denner etal, Proc Not Acad, Sd. USA 103, 
11440 (2006), 

15, Materials and methods are available on Science Online. 

16. AK Kenworthy eto, Cell Biol 165, 735 2008), 

7. AT. Brnges, 0, Rew. Biophys 38, 1 (2005), 

28, RLaage, | Rohde, B Brosig D. Langoch, Biol. Chem, 
275, 17481 (2000) 

19, L Dulubow eto, EMBO]. 18, 4372 (1999). 

20. M, Fukuda, E Kanna, Y, Ogata, K. Mikoshib, J Blok 
‘Gem, 276, 40319 (2000). 

21, K. Kanazma, A. Kudo, J. Bone Mine, Res, 20, 2053, 
(2005), 

22, 0. Navaratnan, J.P. Bai, H, Samaranayake, 

J, Santor Sachi. Biophys. J. 89, 3345 (2005), 
23. C Neumann-Giesen et ol, Biochem.) 378, 509 (2008), 
Single etter abbreviations fr the amino acid residues 
ave a5 flows: A Ala Cys, AS: E Glu F, Phe; 
6 GBH, His eK, ys, Le M, Met, Sn; rg 
1, Gin Arg , Ser T, TV, Va: W Tips and, Ty 

25, RB, Suton, D.Fasshaver Jahn, AT. Brunge,Noture 
395, 347 (1998), 

26, The authors thank R. Jn and SO, Rizl for help 
supestions on the manuscript V. Westphal and }. Keller 
for help with analysis softnare, KH, Dreshage for 
‘providing the dyes Ao532 and AtoG47N, and FE, 2ily 
and MG. Halt fr gis ofa plasmid and recombinant 
‘roten, respectively. LL. was supported by a grant from 
the Deutsche Forschungsgemeinichaft (UA1272/2, 
SSW, consuls for Leica Micromet CMS, Gmbh, 
Mannheim, Geman. 


‘Supporting Online Material 
ww scencera.orgicglcontent/ul/317/5841/1072/0C1 
‘Mater and Methods 

figs 51 19 $7 

Relererces 


23 Fetruary 2007; accepted 13 July 2007 
WO.An2science 1141727 


Domain Architecture of Pyruvate 
Carboxylase, a Biotin-Dependent 
Multifunctional Enzyme 


Martin St. Maurice,” Laurie Reinhardt,’ Kathy H. Surinya,? Paul V. Attwood,? 
John C. Wallace,” W. Wallace Cleland,” ivan Rayment™* 


Biotin-dependent multifunctional enzymes carry out metabolically important carboxyl group 
transfer reactions and are potential targets for the treatment of obesity and type 2 diabetes. These 
enzymes use a tethered biotin cofactor to carry an activated carboxyl group between distantly 
spaced active sites. The mechanism of this transfer has remained poorly understood. Here we report 
the complete structure of pyruvate carboxylase at 2.0 angstroms resolution, which shows its domain 
arrangement. The structure, when combined with mutagenic analysis, shows that intermediate transfer 
‘occurs between active sites on separate polypeptide chains. In addition, domain rearrangements 
associated with activator binding decrease the distance between active-site pairs, providing a 
‘mechanism for allosteric activation. This description provides insight into the function of biotin- 
dependent enzymes and presents a new paradigm for multifunctional enzyme catalysis. 


1 biochemical pathways, metabolites: must 
|: efficiently transferred between enzymes 

10 avoid the energetic penalty associated 
with their loss 10 diffusion, degradation, or com- 
peting side-reactions, Particularly efficient trans- 
fer is afforded by multifunctional enzymes that 
directly transfer products from one reactive site 
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to the next through tunnels and channels (/) or 
through the use of covalently attached prosthetic 
gxoups (2). Although the reactions catalyzed at 
the individual active sites of many multifunc- 
tional enzymes are well understood, few studies 
have detailed their complete domain architec- 
ture. Consequently, descriptions of intermediate 


transfer between active sites in multifunctional 
‘enzymes remain langely incomplete 

The mulifunctional enzymes of the biotin- 
dependent family use a covalently attached biotin 
prosthetic group to directly transfer an activated 
COs intermediate between distinct active sites 
in several essential metabolic reactions (3), 
‘Some members of this enzyme family, including 
acetyl-coenzyme A carboxylase (ACC) and pyt= 
uvate carboxylase (PC), have recently attracted 
interest as potential tangets in the treatment of 
obesity and type 2 diabetes (4, 5). Although 
several individual domain structures have been 
determined for various family members (6-9), 
the relative arrangement of these domains in a 
‘complete multifunctional enzyme remains un- 
known. PC is typically composed of three 
distinct functional domains arranged on a single 
120- to 130-KD polypeptide chain, The three 
domains are an N-terminal biotin carboxylase 
(BC) domain, a central carboxyltransterase (CT) 
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domain, and a C-terminal biotin carboxyl carier 
protein (BCCP) domain (Fig. 1A). The enzyme 
uses a covalently attached biotin cofactor 10 
catalyze the adenosine triphosphate (ATP) 

dependent carboxylation of pyruvate to oxalo~ 
acetate in two steps (J0). Biotin is initially 
carboxylated at the BC active site by ATP and 
bicarbonate. The carboxyl group is subsequently 
transferred by carboxybiotin to a second active 
site in the CT domain, where pyruvate is carbo- 
xylated to generate oxaloacetate. The BCCP 
domain transfers the tethered cofactor between 
the two remote active sites. To discover what 
distance is traversed by the BOCP domain and 
what domain motions facilitate the transfer of 
biotin between active sites, we have detemined 
the crystal structure of the complete PC enzyme. 

‘The crystal structure of PC from Rhizobium 
cli RePC) was determined by singke-wavelength 
anomalous diffraction and solvent flattening, 
followed by molecular replacement (17). The 
Final model was refined to a resolution of 2.0 A 
(Gee table St for refinement statistics and fig, St 
for representative electron density). The crystals 
contain a dimer in the asymmetric unit. Monomer 
A includes the complete polypeptide chain, 
composed of the three functional domains [BC 
(blue), CT (yellow), and BCCP (red)], and 
central allosteric domain (green) that has not 
been previously described (Fig, 1B). Monomer B 
is nearly complete except for the C-terminal 
BCCP domain, which was disordered and could 
not be modeled (model completeness is. de- 
scribed in table $2). The dimer is asymmetric, 
‘and the notable differences in the position and 
orientation of the BC domain between the two 
monomers have important implications. in. the 
mechanism of PC catalysis and regulation. 

‘The two active sites of RePC were identified 
through structural homology with related enzyme 
and from the position of bound ligands 
mnhydrolyzable ATP analog, adenosine $= 
(043thiotriphosphate) (ATP-y-S), is bound at 
the of the BC domain (Fig. 2A). The 
binding site consists of an ATP-grasp fold (12), 
typical of the arrangement reported for ortholo- 
gous enzymes (6, 3). The overall BC domain 


Fig. 2. (A) The ATP binding site. The revised def- 
ion of the precise ATP binding ssite reveals 
several interacting residues not previously noted in 
the structure of the BC subunit from ACC. In par- 
ticular, the interaction of Lys" with the y-phosphate 
of ATP is consistent with substrate-labeling studies 
that suggest that this residue directly interacts 
with ATP (0), Several, previgusly unrecognized 
residues, including Glu**’, Glu**’, and "are 
‘now seen to be important for coordinating the two 
essential Mg?* ions (depicted as green spheres) 
and ATP binding, (B) The ethyl-CoA binding site. 
Interactions with the nucleotide portion of ethyl- 
CoA include residues from both BC subunits and 
from the allosteric domain. Most notably, Arg*?? 
of the allosteric domain creates a strong intesac- 
tion with the 5° a-phosphate of ethyl-CoA. 
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fold is very similar [1.1 to 12 A root mean square 
<eviation (RMSD)] to the BC subunits from other 
fianily members (fig. S2A). However, the postion 
of ATP-y-S in the binding site of RePC reveals 
ferences with the position of ATP in the BC 
subunit of ACC (13) (fig. $3). The position of 
ATP-y-S in RePC is much more typical of other 
ATP-grasp binding sites (14, 15) [supporting 
online material (SOM) text}. The CT domain 
(of RePC also shares high structural similarity (1.1 
to 15 A RMSD) with the equivalent subunits 
from onhologous enzymes (7, 9) (fig. S2B). This 
domain consists of a core ats barrel capped by a 
funnel that centers on a structurally conserved 
‘metal ion a the active site. The metal ion in RePC 
superimposes closely with the activesite metal 
ions of orthologous enzymes. Metal-ion analysis 
indicates that Zn?” is the active-site metal in 
RePC, which is consistent with the observed elee- 
tron density. Mutations of residues directly Figating 
this Zn™” jon cither climinate or substantially re- 
duce the catalytic activity of PC (16). 


A 


ss 
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PC is subject to a variety of allosteric control 
‘mechanisms (5), and acetyl-coenzyme A (acetyl- 
CoA) is an allosteric activator for PC enzymes 
from many species (17). Both acetyl-CoA. and 
the nonhydrolyzable analog, ethylCoA, ate 
‘activators of RePC. with activation constant Ky, 
values of 30.4 and 360 iM, respectively (table 
$3). RePC was cocrystallized with ethy-CoA, 
and the partial electron density allowed the 
nucleotide portion of the activator to be modeled 
into the structure, revealing the location of the 
allosteric binding site. The binding site is located 
in a previously unrecognized domain that serves 
‘as a mediator among the BC, CT, and BCCP do- 
mains. The allosteric domain consists of four 
antiparallel strands bracketing a central a helix 
(Fig. 1B, green) and superficially resembles the 
protein fold and acetyl-CoA binding of the G 
S-related acetyltransferases (18) [sccondary 
19) gives a weak Q score of 
related aminoglyeoside 
N-seetyliransferase, Ibo4]. The central a hel 


Fig. 1. (A) Schematic 
drawing of the primary 
structure arrangement for 
the multidomain PC from 
R etl, The allosteric do- 
‘main, indicated with aster- 
isks, includes residues 471 
to 489 and 1002 to 1073. 
{(B) The structure of the R. 
etti PC monomer A. The 
BC, CT, BCCP, and alloste- 
ric domains’ are colored 
blue, yellow, red, and 
green, respectively. The 
chemical reactions. cata~ 
lyzed in the individual 
domains are illustrated 
below the corresponding 
domain structure, ADP, 
adenosine diphosphat 
»,, inorganic phosphate. 
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Fig. 3. (A) Model of the RePC tetramer showing the movement of the BCCP 
domain between neighboring active sites on opposing polypeptide chains. (B) 
Surface representation of the top face of the tetramer, For clarity, one ofthe two 
individual monomers has been outtined in black. The distance between ATP- 

in the BC active site and Zn** in the CT active site of the opposing polypeptide 


Chain Beery A 


domain movement 


“Chain A («ty Cod) 


Fig. 4. Ethyl-CoA binding alters the position and orientation of the BC domain. The allosteric domain 
‘of monomer A was aligned with the allosteric domain of monomer 8. The superposition shoves minor 
deviations in the CT domain but substantial deviations in the BC domain. The BC domain begins to 


deviate precisely at the three residues forming tight 


interactions with the 5’ a and 


hyd 
S-phosphates of ethyl-CoA: Arg”? and the backbone amides of Gin*”° and Asp. Where ethyl-CoA is, 
unbound in monomer B, the side chain of Arg*” is pointed away from the position occupied by the 
activator, and the backbone of Gin*”° and Asp"”* threads from a radically different direction. 


includes Asp*”' to His** and connects the BC 
and CT domains, whereas Asp!" to Asp'™* 
fold around this helix in an antiparallel () sheet 
and connect the CT domain to the BCCP do- 
main, The allosteric domain displays mo se- 
quence similarity with other members of the 
biotin-dependent enzyme family, suggesting 
that it is specific to PC. Ethyl-Coa is bound at 
the N-terminal end of the central «helix, near 
the BC-BC dimer interface (Fig. 2B). Residues 
interacting with the nucleotide portion of CoA 
are highly conserved among PC enzymes, ex- 
plaining why PC from Corynebacterium (20) and 
subunitaype PCs (/7) that have mutations or 
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deletions in these residues are not activated by 
acetyl-CoA. 

A critical feature of muifunctional enzyme 
catalysis is the requisite transfer of intermediates 
between remote active sites. The structure of 
RePC monomer A includes a complete BOCP 
domain relative to the individual catalytic domains 
of the enzyme, which advances our understand- 
ing of intermediate transfer. Although the electron 
density forthe biotin cofactor was disordered, the 
global position and structure of the BOCP domain 
provide a powerful restraint on the arrangement 
Of the prosthetic group carer (SOM text) It is 
ear fom the structure that the distance between 


chain & 65 A. (© Surface representation of the bottom face of the tetramer, 
after 2 180° rotation about the y axis. The BCCP domain is disordered in these 
‘monomers and could not be modeled. The distance between ATP~y-S in the BC 
‘active site and Zn?” in the CT active site of the opposing polypeptide chain 
increases to 80 A as a result of the altered orientation of the BC domain, 


active sites greatly exceeds the ~16 A length ofthe 
biotin arm. Thus, the BCCP domain itself must 
move as it earres biotin between the ative sites, 
‘The 34 A linker connecting BCCP tothe allosteric 
domain is highly flexible (8, 21), fucilitating do- 
main movement, The linker is similar to those 
described for the lipoyl domains of 2-0x0 acid 
crydrogenase (22), I'the BCCP domain were to 
transfer carboxybiotin between active sites on 
the same polypeptide chain, a dramatic domain 
movement would be required, Alleratively,serv- 
ing between active sites on opposing polypep- 
tide chains necessitates substantially ess motion, 
‘The quatemary structure and kinetic evidenoe d 
scribed below support the later seenaro, 

The RePC crystal latice contains a tetramer, 
composed of a dimer of dimers, The tetramer is 
stabilized by conserved dimerization interfaces 
betwee neighboring BC domains and between 
neighboring CT damains. PC exiss predominant- 
ly as.a tetramer in solution, and only the tetramer 
cstalyzes the overall reaction (23), The tetramer is 
asymmetric, with ethyFCoA bound to each of 
the two (monomer A) monomers on the tp fice, 
‘whereas the two (monomer B) monomers an the 
bottom face are unbound, On the top face, the BC 
ative sie is positioned ~65 A from the CT active 
site of an opposing polypeptide chain, with the 
biotinylated BCCP domain positioned equidistant 
between the two. Based on the distance and ori- 
‘eatin betwaen these oppesing active ste, the 
BOCP domain is predicted 10 swing between 
active-site paits on oppesing polypeptide chains 
rather than between active sites on the same chain 
Fig. 3). 
fo confinn this prediction, we created two 
RePC mutants. In one construct, the biotinylated 
" residue was smutated 10 prevent biotinyl- 
ation of the BCCP domain, and, in the second 
cconsinect, a catumybted Lys” in the CT active 
Site Was mutated 10 imi the sceond halF-ectio. 
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‘When assayed individually, the mutant enzymes 
Lys!"'°.Gin'™? (K1119Q) and K718Q exhib- 
ited 0.1 and 4% wild-type activity, respectively 
(table $4), Hybrid tetramers were ereated by mix- 
ing and diluting the mutants together before as- 
saying for enzyme activity Dition of PC promotes 
quilibrtion among monomers, dimers, and te 
ramers (23) and allows a mixed heterotetamer pop- 
Uubtion to reassociate. The mixed population of 
hieerotetramers exhibited 20% wild-type activity 
(lable $3), nearly five times as much as that ob 
served with either mutant homotetramer and near 
to the maximum predicted activity of 26% (fig. S¥), 
‘The recovery of activity on resssociation is possible 
only ifthe hybrid tetramers recombine to refore a 
finctional pair of neighboring active sites, capable 
of tansfering the tethered carboxybiotin interme 
dine between two opposing chains. The tanser of 
«8 carboxybietin intermediate betwoen active sites 
€n separate polypeptide chains isa previously un- 
recognized feature of PC catalysis. Several multi 
functional enzymes have similarly bexn shown to 
transfer their tethered intermediates between ac 
tive sites on opposing polypeptide chains (24, 25), 
suggesting that intermolecular intenmediate trans: 
fer isa common and essential feature of catalysis 
Ethyl-CoA is bound to only one monomer 
of the RePC asymmetric dimer, permitting a di- 
rect comparison of the consequences of activator 
binding on domain arrangement and orientation. 
A superposition of the two monomers reveals a 
40° rotation and a translocation of nearly 40 A 
in the BC active site, centered at the ethyl-CoA 
binding site of the allosteric domain (Fig. 4). In 
the tetramer, ethyCoA is bound to both mono- 
mers on the top five, and the BC active site is 
Positioned ~65 A from its opposing CT active- 
site pair (Fig. 38). On the botiom fice of the 
tetramer, ethyCoA is unbound, and the distance 
between the opposing active-site pair increases 
to -80 A (Fig, 3C), The rotation in the BC do- 
‘main inhibits aeetyHCoA binding on the bottom 
face of the tetramer. Thus, only two binding sites 
ane available per tetramer, which is consistent 
with the Hill coefficient observed for yeast PC 
(26) and with the observation that only $0% of | 
acetyl-CoA binding sites are oceupied in yeast 
PC (27), The stricture suggests that acetyHCoA 
activates PC by decreasing the distance between 
neighboring active sites. While the active-site pains 
om the top face of the tetramer are pushes closer 
together, the active-site pairs on the bottom face 
are pulled farther apart. This is a rare example of 
allosteric activation paired with negative coop- 
crativity and! implies that half of the active-site 
pairs are more active than the others. Recent ki- 
netic studies and numerical simulations support 
halfsites reactivity for the BC subunit of ACC 
(28), suggesting that this mechanism is conserved 
among enzymes of the biotin-dependent family. 
Such halfsites reactivity may permit PC to affect 
efficient catalysis while maintaining its in vivo 
association with other metabolic enzymes (29). 
‘The allosteric binding site in PC offers a 
target for modifiers of activity that may be useful 
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inthe treatment of obesity or type2 diabetes, and 
the mechanistic insights gained from the com- 
plete structural description of RePC permit de- 
tailed investigations into the individual catalytic 
and regulatory sites of the enzyme. Furthermore, 
as a consequence of its fully defined domain ar- 
chitecture, PC represents a paradigm for under- 
standing interdomain arrangement and allosteric 
regulation in mulifimetional enzymes. 
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When Fear Is Near: 
Threat Imminence Elicits Prefrontal— 
Periaqueductal Gray Shifts in Humans 


Dean Mobbs,* Predrag Petrovic, Jennifer L. Marchant, Demis Hassabis, Nikolaus Weiskopf, 
Ben Seymour, Raymond J. Dolan, Christopher D. Frith 


Humans, like other animals, alter their behavior depending on whether a threat is close or distant. We 
investigated spatial imminence of threat by developing an active avoidance paradigm in which 
volunteers were pursued through a maze by a virtual predator endowed with an ability to chase, 
‘apture, and inflict pain. Using functional magnetic resonance imaging, we found that as the virtual 
predator grew closer, brain activity shifted from the ventromedial prefrontal cortex to the 
‘periaqueductal gray. This shift showed maximal expression when a high degree of pain was anticipated. 
Moreover, imminence-driven periaqueductal gray activity correlated with increased subjective degree of 
dread and decreased confidence of escape. Our findings cast light on the neural dynamics of threat 
anticipation and have implications for the neurobiology of human anxiety-related disorders. 


itical to an organism's survival is the 
( ability to switch flexibly between defen- 
sive states in response to threat. Within 
behavioral ecology, a key component of de- 


fensive switching is the “predatory imminence 
continuum” where distinct threat states are con- 
figured according to whether a predator is distal 
‘or proximal to the prey (/-5). This continuum 


SCIENCE VOL 317 24 AUGUST 2007 


1079 


B scr T 


1080 


encompasses three core stages: “pre-encounter’ 
‘where there is risk in the absence of immediate 
danger: “posteencounter.” where the threat is 
detected: and “circa-strike.” defined as distal or 
proximal interaction with the threat stimulus (2). 

These stages, relating to the distance from a 
threat, are associated with distinet pattems of ac- 
tivity at the neurobiological level (6-8). For 
example, distal threat elicits activity in the 


fight, 


structures control fast reflexive behaviors (e.g. 
oF freeze) as well as fear-induced 
analgesia. The parallel neural dynamics of threat 
in humans have yet to be identified. 

We hypothesized that brain activity asso- 
ciated with threat detection and distal and proximal 
distance to threat in humans would mirror these 
derived from defense systems models developed. 
in rodents. We tested a prediction that detection 


to avoid a “Vitual predator” that had the capacity 
to cancer, case pin oh ge 
shocks: A/E5"*") or low (one shock: A/S 
intensity (Fig. 1), 

Avoidance time in the maze was significantly 
longer for Alfa" (mean = SD: 24.2 + 1.6 8) 
relative 0 A/fe "(19.4 + 2.0 s) on escaped 
conditions (ry -959, P < 0.0005), suggesting 
that players were more motivated to escape the 


prefrontal cortices, which possibly rellects the of distal threat would clicit activity in brain > a/R. Speed, defined as number of squares 
complex planning of avoidance strtcgics. AS — gions associated with valucased and complex per sccond, was significantly differnt between 
threat becomes proximal, midbrain structures decision making, such as the anterior cingulate the first half and second half of the conditions 
such as the periaqueductal gray (PAG) dominate (ANE ty =-5.86, P< 0.0005; A 
6), This shift to phylo whereas proximal threat woul engage low-level -3984, P = 0.0005). However, no significant 
brane midbrain regions implicated in reflexive eseape ference was found forspeed between the rox 
behavior (i.c., PAG). To test this model, we used imal AP" and A/S" (3 = -2.94, P 
high-resolution functional magnetic resonance 0,773) conditions. A tend toward significance 
Le ee ease imaging (MRI) 0 examine bran acviy in 14 was evident er the numer gf ines he subjects 
UK. healthy subjects while they performed an active were captured in, the Alf" (62.5 = 15.9%) 
sto vom corspondence shoud be addressed. Ema: “escape-pain” task within a two-dimensional versus the A/C!" condition (67.0 + 16.4%: 
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maze. The paradigm involved the subject trying 


fy = LS, P< 0.14), Together these results sug: 
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Fig. 1. The virtual predator and prey paradigm. Subjects were presented 
with a two-dimensional maze containing a 9 x 13 rectangle grid of walls 
(black squares) and paths (white squares). All experimental conditions 
commenced with a “neutral phase” where a preprogrammed artificially 
intelligent (Al) gray cicle (Alaura) appeared at the left-bottom side of the 
maze (A). The Alea Was presented on average for 6 5 jitter + 2s) and 
programmed to wander the maze indiscriminately. After this, the “cue 
phase” commenced with the Alparsat changed into a predator (Alredite) OF & 
yoked control condition. The change from Alerrat 10 Agretser #25 signaled 
by the circle flashing between red and gray. The flashing Alpeasee appeared 
for 2 5, and during this time it wandered the maze indiscriminately. Directly 
after this, subjects were also informed for 2 5 of the amount of cutaneous 
electrical shock they would receive if the Algae Captured them: (B) one 
shock (Al f9, (C) no shock, or (D) three shocks (A/S). During the 
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“Chase Phase” t Rost : 


Shock after 28 


‘cue phase, subjects were passive and unable to move the blue triangle 
situated in the upper right comer of the maze. The “chase phase” began 
with the Alpedse ceasing to flash and the subject moving the blue triangle 
to (E) escape the AIRS", (F) mimic the movements of the triangle in a 
replay of a previous experimental condition, or (G) escape the AlRSs™. (H) 
After escape or capture, a rest period was presented before the onset of the 
next trial. To ensure that subjects would not anticipate the end of the chase, 
we randomly varied the time each Alyelstr encounter was played (e.g, 16, 
20, 24, 28, 32 5). The subjects were not informed that the length of trials 
varied or given any indication of how much time they had on each trial. To 
enhance the feelings of spatial distance, mazes were intentionally designed 
so that chases were long unimpeded runs with no dead-ends. Each block was 
interleaved with 8, 10, or 12 5 of black screen, Further details can be found 
in the supporting online material. 
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gest that subjects were more efficient in move~ 


and execution when escapin; 


the aremer 


For the analysis of brain activity, we first 
examined the evoked blood ox: 
dependent (BOLD) responses to the 2-s cue that 
indicated participants would encounter the 
and table S1) as compared to 
IC), We found 
the rostral anterior cingu: 
late cortex [rACC; MNI space coordinates (x, 
2): 6,41, 22; Z= 3.85; P<0,0005] and medial 
orbitoffontal cortex. (mOble; 6, 49, -19; Z 
342; P < 0.0005), ventral anterior « 
cortex (VAC: 13, 32, 14; Z= 4.56: P- 
uncorrected), and the vmPFC (-4, 39, 
3.48; P< 00005), 


pation level 


Apycdaioe (Fig. 
the yoked control cue (Fi 
enhanced activity i 


late 
1:Z 


Fig. 2. Statistical parametric maps illustrating 
BOLD responses tothe aversive cues and activation 
{0 the Alpreawe Conditions collapsed across blocks. 
Mean activity is shown for regions within 4 mm of 
peak. (A and B) Activity for the Aen (ed circle) 
ins the Alma (blue circle) cue in (A) FACC and 
(B) periaqueductal gray (PAG) activity increased 
during all Alpmar blocks minus yoked blocks. () 
Activity in the rACmPFC and vmPFC (table $2) for 
yoked blocks minus Alearae blocks 


sciencemag.org 


For the “chase phase,” we fist collapsed 
axtivty acs all Ape blocks (i: A/a 


and A/S" conditions) and compared them to 
the yoked blocks. For the Alpasace Condition, we 
found increased activity that peaked in the 
cerebellum (-5, -63, -13: Z= 5.48) but extended 
across the entre PAG (right: 3,-25,~7;Z= 487 


left: -2, -28, -8; Z = 4.94) and posterior thalamus 
including the pulvinar (3, -22, 11; 2= 4,63) (F 
2B). A different pattern was observed for the 


yoked minus the Aheasaor blocks, where activity 
[Peaked in the medial PFC (mPFC) (-S, 48, 17; Z 
5.50), extending to the right ymPEC (3, 37, -9: 
Z= 4.63) and amygdala (22, -2, -18; Z= 4.94) 
(Fig. 2C and table $2). 

We next asked whether there was a rela 
tionship between distal and proximal threat 

the 
ind table $3), We used 


ween predator dis 


and brain activity ‘chase phase” of 


Mosse 


parametric regression b 
tance and BOLD signal, excluding the period 
in which the shock was administered. Thus, 
ts were independent of whether 
Distal threat 


these eff 


shocks were actually received. 


Distal 
Ay Predator 


high 


Proximal 
AlPredator 


high 


predator 


was associated with inewased activity in the 
\mPFC 

both 7B Tz 
and ABS" (-10, 38, 11; Z Fig 
3B) conditions. Proximal threat was sso- 


ciated with increased activity in the PAG for 


3.93; 


both a/PSM (left; 3, -33, -15; Z = 3.58 
right: 8, -32, -21; Z = 3.73; Fig. 3C) and 
Ae (6, -33, -14; Z = 3.02: fig. S2) 
conditions, Proximal 4/23" condition also 


élicited activity in the right dorsa 
corresponding with the ce 


alis (BNST) 
reas the distal 
in the right lateral 


bed nucleus of the stria 
13; Z = 4.78), 
* elicited activity 


amygdala comesponding to the basolateral 
amygdala (BLA; 32, 4, -24; Z = 3.77 

rect subtraction showed that the A/S 

activated the, PAG to a greater extent than 
did the 4/2" condition (3, -32, -15: Z 
3.33), Conversely, the 4/22 activated the 
anterior ymPFC (-1, SI, ~1; Z = 3.81) and 


BLA (GI, _4, -23 
tent than did the 02 


4,09) 10 a 
* condition (fig. $4). 


Fig. 3. 4RI results illustrating 
the imminence effect in. the 
predator condition, For distal 
threat there was greater activity 


both, (A) Alpi 
Altes" shock expectation. () 
For proximal threat there was 
greater activity in the PAG for 
Ase" left panel, sagittal 
view: center panel, horizontal 
view; right panel, schematic 
depiction of the midbrain with 
PAG shown in orange; modified 
from @7)]. See fig. $2 for 
images of the PAG activity for 
the AZM" imminence. See 
fig. $4 for coronal view of the 
PAG activity 
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If this forcbrain-midbrain threat circuit is 
mediated by both geographical-temporal and 
psychological distance, as predicted by theorists 
(4, 5), we would then expect subject-specific 
ferences in psychological indices of threat to 
be correlated with PAG activity. We regressed 
post scan reports of dread of'being chased by the 
Appeance (9) and confidence of escaping capture 
‘with the imminence-driven BOLD signal (Fig. 
4), Subjective scores of dread and confidence did 
not cormelate (Pearson r = -0.016; P < 0.96), 
hich suggests that they tap distinct traits. 

Dread of capture comelated with enhanced 
activity inthe PAG (11, -32, -18; Z= 3.14), but 
Peaking in the vicinity of the dorsal raphe nuclei 
1, -26, -19; .63), for the le 
condition. A similar pattem was observed. for 
18; Z= 3.33) and DRN (0, 2: 
): fig. SS) activity in the Ase 
4). Decreased dread was a3s0- 
ciated with medial PEC activity (-3, 48, 24: 7 
3.56) for the A/o""" condition and ventral PEC 

i I: Z=3 


dence of escape was associated with increased 
activity in the PAG for both the A/SSy"" (2, -29, 
19; Z= 3.19), and Algo" (-3, 37, -20 
2.63) cor ms. Increased confidence of es 
cape was associated with increased activity in 
the vmPFC for both conditions (table SS). 
Our results show a dynamic configuration of 
threat responses that include the PAG and are 
akin to what might be predicted from animal 


models of defensive avoidance (6, 7) and fear 
(10). When threat was detected, we observed 
enhanced activity in the ACC and mObfe. The 
FACC activation encompassed the cytoarchi- 
tectonic subdivisions of Brodmann areas 32 and 
24e, which have known connections tothe amyg- 
dala, mObIE, PAG, and brainstem reticular forma- 
tion; these regions are critical to autonomic, 
visceromotor, and opioidengic functioning (J). 
One interpretation is that the rACC activity is 
associated with the response conflict between 
flceing or staying (3), whereas mObfe activity 
represents the threat value ofthe Alpatace (12). t 
has been suggested that post-encounter antic- 
ipatory anxiety promotes behavior that reduces 
am aversive state (eg. avoidance) and may 
rwcnuit the ACC for this purpose (5, 13). The 
ACC markedly increases in activity with in- 
creased dread of pain (9) and supports. our 
findings of a positive correlation between dead 
ratings and rACC activity when the A/S 
‘was proximal (table S4). Notably, the ACC 
produces glutamatergic aversive teaching signals 
(24) that may regulate avoidance behaviors (15), 

As hypothesized, distal threat clicited in- 
ceased vmPFC activity during the chase phase. 
It might be argued that this prefontal activity 
presents processes where different altemative 
oal-dirccted behaviors are compared in onder 10 
choose the most effective strategy to avoid the 
threat or distress (76-18). However, the functions 
of the vmPEC may also be understood by its 
connections to the amygdala. The BLA has direct 


Fig. 4. Subjects 


Contdence Ratings 


differences in dread of capture and confidence of escape. (A and B) 


Scatterplots of regions of the PAG that correlated with threat distance and increased dread of being 


‘aught by the (A) Alig," and (B) Alfoe 
decreased confidence of escaping the (C) Al 


individual's response on post-scan questionnaire. 
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. (Cand D) Regions associated with threat distance and 
gh 


and (D) ARS". Each point represents an 


cconnestions with the ymPFC and mObfe and is 
important in determining the motivational impor- 
tance of the stimuli (€.2, the degree of threat), 
whereas the CeA/BNST of the amygdala are 
major entryways into the PAG and are important 
for controlling a repertoire of behavioral and 
neurovegative defensive states (3, 5, 17, 19). In 
this framework, the BLA may be more involved in 
active responses inthe form of guidance or gating 
‘of behavior, whereas the CeA/BNST is involved 
in aversive conditioning and reflexive responding 
through its ascending comctionsw the PAG (3,6). 

‘When threat became proximal, we observed 
increased PAG activity. This forebrain-to- 
midbrain switch is anatomically credible in light 
‘of descending connections between the vmnPFC/ 
amygdala and PAG in the primate brain (/6, 20 21). 
Electrical stimulation of the human PAG ean 
result in heightened fear and anxiety (22). In rts, 
stimulation of the yentolateral PAG and dorso- 
lateral PAG promotes passive (e.g. freezing) and 
active (€.., escape) coping, respectively (27,23) 
The PAG is funher divisible along the rostal- 
‘caudal axis, implicated in flight and fight (21), 
Although the functional territories ofthe human 
PAG are difficult to dissociate and should be 
intepreted with caution, our study shows that 


Moreover, both the 4/frg"and the asf 
minus A/S comparisons were active in the 
dorsal PAG, supporting the putative role of this 
region in active avoidance (21), 

Activity in the PAG, was conspicuously 
increased during the A/fig"* condition and for 
Participants with increased dread and decreased 
confidence of escape. Previous studies have 
shown that this forebrain-midbrain circuit is 
normal in panic and chronic anxiety patients who 
show decreased vmPFC but increased gray mat- 
ter volume and activity in the midbrain enco 
passing the PAG (24, 25), Intriguingly, 1 
infalimbic vmPFC inhibits stress-induced neural 
activity in the rodent brainstem and is important 
in facilitating escape and extinction learning 
(ZS, 26). Note also that the vmPFC and mObfe 
project dirextly into the dorsolateral PAG (17) 
‘Our results therefore support the hypothesis that 
the PAG is critical during immediate proximal 
threat, yet may be suppressed or promoted by 
higher prefrontal regions (/6-13). 

Our observations concur withthe proposition 
of a hardwired forebrain-midbrain network, 
Which includes the vmPFC at the lowest level 
of threat and interacts withthe midbrain PAG as, 
the threat level increases, From an evolutionary 
viewpoint, higher cortical systems control. be- 
havior when the degree of threat is appraised as 
non-life-endangering and guides the organist to 
choose the most effective and resourceful 
strategy for instrumental avoidance. At extreme 
levels of threat, the PAG may in turn inhibit more 
complex control processes when a fast and 
indced obligatory response is required, preparing 
the organism for survival and possible tissue 
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damage (3, 16-18, 21). Understanding the bal- 
ance between forebrain and midbrain responses 
to threat might illuminate the pathophysiology of | 
neuropsychiatric disturbances, including chronic 
anxiety and panic disorder, where brainstem 
involvement has long been suspected. 
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Astrocytes Potentiate 
Transmitter Release at Single 
Hippocampal Synapses 


Gertrudis Perea and Alfonso Araque* 


Astrocytes play active roles in brain physiology. They respond to neurotransmitters and modulate 


neuronal excitability and synaj 


function. However, the influence of astrocytes on synaptic 


transmission and plasticity at the single synapse level is unknown. Ca** elevation in astrocytes 
transiently increased the probability of transmitter release at hippocampal area CA3-CA1 
synapses, without affecting the amplitude of synaptic events. This form of short-term plasticity 
was due to the release of glutamate from astrocytes, a process that depended on Ca** and soluble 
‘Neethylmaleimide—sensitive factor attachment protein receptor (SNARE) protein and that activated 
‘metabotropic glutamate receptors (mGluRs). The transient potentiation of transmitter release 
became persistent when the astrocytic signal was temporally coincident with postsynaptic 
depolarization. This persistent plasticity was mGluR-mediated but N-methyl-o-aspartate receptor— 
independent. These results indicate that astrocytes are actively involved in the transfer and storage 


of synaptic information. 


cent data have demonstrated the exis 
R= of bidiretional communication be- 

tween astrocytes. and neurons (2). In 
ackltion to responding to synaptic activity, astro 
erytes release gliotransmitters (2), which modulate 
neuronal excitability and neurotransmission (3). 
To investigate the consequences of astrocyte C 
elevations on evoked synaptic transmission at 
single hippocampal synapses, we performed paired 
recordings fiom CAI pyramidal neurons and sin- 
ale astrocytes (4), Astrocytes were loaded with 
the Ca*-cage o-nitrophenyEGTA (NP-EGTA) 
to be selectively stimulated by ultraviolet (UV) 
flash photolysis, while we stimulated Schafer 
collaterals using the minimal stimulation meth- 
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od that activates single, o very few synapses 
6.5. 

First, we established that single synapses 
‘were stimulated in our experimental model by 
quantifying the synaptic transmission propertcs 
Of the excitatory postsynaptic currents (EPSCs) 
(Fig 1). Synaptic responses showed failures and 
successes in neurotransmitter release [probabil- 
ity of release (Pr) was 0. 2; range, 0.13 
10 0.54; n = 34]; regular amplitude of successful 
responses (termed “synaptic potency”; 20.9 + 
13 pA; range, 85 to 37.5 pA; n= 34); and rele 
low synaptic efficacy fie, the mean am- 
plitude of all responses including failures: 6.9 + 
05 pA [range. 2.8 to 10.2 pA; n ~ 34 (fig. 
SI}. Paired-pulse stimulation facilitated the 
second EPSC relative to the first EPSC [paired- 
pulse ficilitation (PPF) index was 0.48 = 0.05; 
n= 20 (fig. S1)]- To stimulate astrocytes, we 
patch-clamped single passive astrocytes located 


in the stratum radiatum near (<S0 jum from) the 
‘stimulating pipette. We included NP-EGTA and 
‘luo-4 in the recording pipette to selectively ac 
tivate single astrocytes and to monitor their Ca 
levels, respectively (Fig. 1A), UV-fash trains 
‘evoked astrocyte Ca* clevations that went reliably 
repeated by successive stimuli [15 out of 1S 
astrocytes (Fig. S2)) 

fier the control recording of EPSCs, NP- 
EGTA-loaded astrocytes were photo-stimulated, 
In 18 out of 38 nouron-astrocyte pairs [47% 
(Fig. 1D)} astrocytic Ca** elevations transiently 
(2 min) increased the synaptic efficacy (from 
4.8 = 046 pA 10 62 = 10 pAzn= 18; P< 005). 
This was due to a transient enhancement of Pr 
rather than a postsynaptic modulation (Fig. 1, F 
and G), Indeed, although Pr inereased afler astro- 
‘cyte stimulation (from 0.24 + 0.03 t0 0.33 » 0.04: 
n= 18; P-< 0.001), the synaptic potency was 
unchanged (from 15.2.* 1.3 pA 10 15.7 © 1.9 pA 
n= 18; P= 0.96). Moreover, the PPF index 
changed from 0.64 + 0.06 to 0.33 + 0.10 alter 
astrocyte stimulation [(fig. $3) n= 18: P-<0.01}, 
Which is consistent with a presynaptic mecha- 
nism of action. Furthermore, the kinetic proper- 
ties of EPSCs were unaffected (respective rise 
and decay time constants before and_afier 
astrocyte stimulation Were tog = 148 0.22 ms 
and 1.45 + 0.23 ms: P= 0.34; tyr = 9.80 + 
0.94 ms and 10.31 = 1.77 ms; P= 0.43; n= 6), 
These effects were reliably evoked by successive 
astrocyte stimulation (Fig. 2A), 

In the absence of NP-EGTA or with th 
EGTA-illed pipette placed outside the cell, UV 
flashes did not modify synaptic transmission (lig. 
S4), which indicated thatthe effects were not due 
to photo-stimulation of synaptic temninals and 
that Ca?* elevation in astrocytes is necessary and 
sufficient to potentiate the synaptic transmission, 

We further analyzed whether the astrocyte- 
induced neuromodulation could also be evoked 
by stimuli that clevate astrocyte Ca” through 
transmitter receptor activation. We used adeno- 
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sine ‘triphosphate (ATP) because, although it 
may act on neuronal and astweytic receptors, 

is highly effective in elevating astweytic C 
(3, 7). While recording synaptic currents, we 
locally applied ATP by microionophoresis (from 


pipette placed in the stratum radiatum >150 jum 
away from the synapse-stimulating pipette) 
‘which elevated Ca*” in a lange number of astro- 
cytes (Fig. 2B). Because ATP is converted to 
adenosine by extracellular adenosine triphospha- 


tases (ATPases), thes 


experiments were per 
formed in the presence of the Al purinergic 
receptor antagonist. 8-eyclopentylthcophy 
(CPT: 2 uM), which increases synaptic ransmis- 

but prevents adenosine-dependent 


A 8 c 


PSC Agate pA) 


Tome (8) 


Aarocyte stim 


Prem) 


oii 


See 


Fig. 1. Calcium elevation in astrocytes potentiates transmitter release at 
single CA3-CA1 synapses. (A) Schematic drawing depicting paired recordings 
from one pyramidal neuron and one astrocyte, as well as the stimulating 
electrode. (B) Responses evoked by minimal stimulation showing regular 
EPSC amplitudes and failures of synaptic transmission (20 consecutive 
stimuli. (C) EPSC amplitudes from a representative synapse. (D) Pseudocolor images representing fluorescence intensity of a NP-EGTA- and fluo-4filed 
astrocyte (top) and synaptic responses [(bottom) 15 consecutive stimuli) obtained from paired whole-cell recordings before and after UV-flash astrocyte 
stimulation, Scale bar, 20 ym. (E) EPSC amplitude histograms (hin width, 3 pA) (topl; corresponding cumulative probability plot (bottom, lef; and average (7 = 
7 astrocyte-neuron pairs) cumulative probability plots (bottom, right of EPSC amplitudes before and ater astrocyte stimulation (filed and open 
respectively) (F) Synaptic efficacy (ie., mean amplitude of responses including successes and failures of neurotransmission); probability of neurotransmitter 
release (Pr); and synaptic potency (ie., mean EPSC amplitude excluding failures) (bin width, 33 s; n = 1B astrocyte-neuron pairs) Zero time corresponds to the 
time of astrocyte stimulation. (G) Relative changes of synaptic parameters in the contro state, after astrocyte stimulation, and 2 min later (recovery) (n = 18). 
***P < 0.001. Error bars indicate SEM. 


A 


Fig. 2. Transmiter-evoked calcium elevations in astrocytes enhance the 
probability of neurotransmitter release. (A) Ten consecutive EPSCs before 
(basal) and after astrocyte stimulation and 2 min later (recovery), with 
corresponding Pr versus time (bin width, 20) (bottom, left). Averaged Pr from 
ifferential interference contrast image showing the recorded 


seven neuron-astracyte pais (bottom, right). Arrows indicate astrocyte stimulation. (B) Infrared 
pyramidal neuron and the stimulation electrode (ett. Pseudocolor images representing fluorescence intensity of fluo-4filled astrocytes before (pre) and after 
(post) ATP application through a pipette placed out of the image. Scale bar, 30 um. (©) Ten consecutive EPSCs before (1) and after (2) ATP-evoked astrocyte Ca?* 
elevations, with corresponding Pr versus time. (D) Relative changes of synaptic parameters in the control state, induced by ATP-evoked astrocyte stimulation, and 
alter recovery (2 min later) (n = 16). “*P < 0.01, ***P < 0.001. Error bars indicate SEM. 
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neuromodulation (8-//). Under these conditions, 
ATP-cvoked astrocyte Ca™ clvations transiently 
potentiated synaptic transmission in 43% of the 
synapses (1 6 out of 37) (Fig. 2C), The analysis of 

responses showed an increase of Pr 
C and D) from 0.30 = 0.03 t0 0.41 = 0.03 


after astrocyte stimulation; n= 16; P< 0.001], 
without changes of synaptic potency (from 
173 £L1 pAto 178 + 1.1 pAzn= 16; P= 047), 


Consequently, the synaptic efficacy was in- 
creased [(Fig. 3D) fiom 6.0 06 pA to 8.0 = 
0.7 pA; n= 16; P< 0.01}, Because ATP is not a 
specific agonist for astrocytes, a direct effect on 
neurons cannot be totally excluded. However, the 
comparable effects of astrocyte Ca” elevations 
evoked by photo-stimulation or ATP, as well as 
their equal sensitivity to metabotropic glutamate 
receptor (mGIuR) antagonists (see below), indi- 
cate that these effets were not likely due to 
nonspecific actions of the stimuli. 

We nest investigated the mechanisms re- 
sponsible for the astrocyte-induced neuromodu- 
lation, Passive astrocytes release gliotransmitters 
that influence neurotransmission (7-18). Be- 
cause some gliotransmitters are released through 
soluble V-cthylmaleimide-sensitive factor at 
tachment protein receptor (SNARE) protein 
dependent mechanisms (19-27), we asked if the 
cleavage of synaptobrevin 2 by tetanus toxin 
(TeNT) affected the astroeyteinduced neuromod- 
tuition. When the light chain of TENT was ine 
cluded in the recording astrocyte, photo-stimulation 
of the NP-EGTA-loaded astrocyte increased its 
intracellular Ca2* but did not affect the synaptic 
properties [(Fig. 3A) n = 13). Therefore, the 


A 
TeNT Light-chain 


neuromodulation requires the SNARE protcin 
<dcpendentgliotransmifter lease from astrocytes. 

Because glutamate is released by astrocytes 
though Ca" and SNARE protein-dependent 
mechanisms (/9-2/) and can facilitate neuro- 
transmitter release by activation of presynaptic 
group 1 mGWuRs (/3, 22, 23), we investigated 
their participation in the synaptic transmission 
potentiation, After assessing that UV-fash 
astrocyte stimulation transiently inereased Pr, 
wwe perfused the group | mGluR antagonists 2- 
methyl-6-(phenykethynyl}-pyridine (MPEP, 50 
uM) and_(+}2-methyl-4-carboxyphenylglycine 
(LY367385, 100 uM), which are mGluR subtype 
Sand mGluR subtype | antagonist, respectively. 
‘These antagonists blocked the transient potentia- 
tion of transmitter release without affecting the 
astrocyte Ca” signal (Fig. 3, Band C)Pr= 041 
£0.11 andl 0.37 = 0.12 before and after astrocyte 
stimulation: n = 8; P = 0.28). Likewise, the 
synaptic potentiation induced by ATP-cvoked 
astrocyte Ca” elevations was inhibited by those 
antagonists (1 ~ 7 (fig. S6)} 

One of the most-studied forms of synaptic 
plasticity is long-term potentiation (LTP), char- 
acterized by a long-lasting increase of synaptic 
strength causal by the coincidence of pre- and 
postsynaptic activity (24). The results above in- 
dicate that astrocytes evoke a short-term poten- 
tiation of neurotransmitter release. We then 
investigated whether the temporal coincidence 
of the astreytic signal and the postsynaptic 
sctivity could induce a long-lasting modulation 
of synaptic transmission. We analyzed the long- 
term effects of pairing the astrocyte Ca** 


“alli 


‘Synaptic potoncy (%) 
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tuncaging with a transient mild depolarizat 
(10-30 mV) of the postsynaptic neuron. We 
cstablished that in the absence of astrocyte 
stimulation, the postsynaptic depolarization per 
se did not modify the synaptic parameters [1 = 6 
(Fig. 4, D and E)}, However, when astrocytes 
were photo-stimulated during the postsynaptic 
‘depolarization, both the synaptic efficacy and the 
probability of transmitter release were persistently 
(©.60 min) increased in 41% of the synapses (7 
‘out of 17){(Fig. 4, A, B, and E); synaptic effica 
5.1 £05pAand 15 pA(P<001) and Pr= 

0.04 and 0471 = 0.08 (P< 0001), before 


0.2 
and 60 min afler astrocyte stimulation, respecti 
ly; = 7}, Although two out of seven synapses 
showed a potentiation of the synaptic potency, 
‘on average the synaptic efficacy inerease was 
not accompanied by synaptic potency changes 
(8.1 © 1.3 pA and 21.0 = 2.7 pA, betre and 
‘60 min after astrocyte stimulation, respectively; 
n= 7. P= 0.17), The astrocyte-induced LTP was 
also evoked by receptor-mediated astrocyte 
Ca" signaling because pairing the neuronal 
depolarization with the ATP-evoked astrocyte 
stimulation (in the presence of CPT) caused a 
Jong- lating potentiation of synaptic transmission 
in 46% of the synapses (6 out of 13) (Fig, 4C), 
This astrocyte-induced LTP was independent of 
Nemethyl-o-aspartate receptor (NMDAR) activa- 
tion because it was unaffect 
phosphonopentanoic acid (o-APS: SO iM) (F 
C and E}, 42% of synapses showed persistent 
potentiation; 2 = $ cut of 12}. 

This form of LTP was associated with the 
astrocyte-induced transient inerease of Pr be- 


z 
aie 
= aun 
e [: 


Be 


8 
Lente anime Fig. 3. Astrocyte-induced synaptic potentiation is mediated by activation of group 
087 4 ‘ ' 1 mGluRs. (A) Pseudocolor images representing fluorescence intensity of a single 
heed astrocyte filled with fluo-4, NP-EGTA, and TeNT light chain, alongside 12 
& 04 Mr ‘consecutive EPSCs before and after UV-flash astrocyte stimulation. Relative 
ms PAPA AT ‘changes in synaptic transmission parameters after UV-flash stimulation of TeNT 
on light chain—filled astrocytes (n = 13). Scale bar, 15 um. (B) Pr versus time in 
° 200 400-600-809 control and during perfusion with MPEP and LY367385. Arrows indicate UV-flash 
Tene (5) astrocyte stimulation. (©) Relative changes of synaptic parameters evoked by 
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astrocjte stimulation in control (top) and after perfusion with MPEP and LY367385 
Gottom) (n= 8). *P < 0.05. Error bars indicate SEM. 
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cause 7 out of 17 synapses showed both tran- 
sicnt and long-lasting increase in Pr and no 
synapses underwent persistent potentiation with- 
out transient modulation (n = 10). Therefore, we 
studied whether astrocyte-induced LTP de- 
pended on activation of group 1 mGIURs, In the 


presence ofthe antagonists MPEP and LY367385, 
astrocyte stimulation did not modify the synaptic 
parameters [7 = 6 (Fig. 4, D and E)]- 

Our results show that Ca” clevation in 
astrocytes modulates transmitter release proba 
bility and evokes long-term synaptic plasticity 
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gor, We at 
Fig. 4. Temporal coincidence of astrocyte and neuronal signals evoke LTP of synaptic transmission. 
(A) Fifteen consecutive EPSCs (left) and average EPSCs ‘50 trials including failures) (right) 
before (basal) and 60 after pairing neuronal depolarization (ND) and UV-flash astrocyte 
ulation. (B to D) Synaptic parameters normalized to baseline and plotted over time. Arrows 
indicate astrocyte stimulation. (8) Pairing of UV-flash astrocyte stimulation and ND (n = 7 
astrocyte-neuron pairs). (C) Pairing of ATP-evoked astrocyte stimulation and ND in control (black 
Circles, n= 6) and after administering 50 uM O-APS (white circles, n = 5). (D) Pairing of UV-flash 
astrocyte stimulation and ND after administering MPEP and LY367385 (black circles); and ND with 
no astrocyte stimulation (control; white circles = 6 for each case). (E) Synaptic parameters 


before and after 60 min under different conditions. *P < 0.05, **P < 0.01, ***P < 0.001. Error bars 
indicate SEM. 
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at single hippocampal synapses without affect- 
ing the postsynaptic sensitivity. Although the 
astrcyte-induced transient synaptic: modulation 
és in agreement with reports of mGluR-dependent 
neuromodulation [compare (/3, 22, 23)}, the 
NMDAR-independent long-lasting effects are 
more challenging to our vision of the classical LTP 
in the CAL region, where postsynaptic changes 
underlie its expression [(25), but sex (26)} 

‘These data extend the classical Hebbian 
model for LTP, which results from concument 
pre- and postncuronal activity, to include astro- 
‘eytes activity, so that the temporal coincidence 
the temporal coincidence of astrocyte and pos 
‘synaptic activities evokes long-term changes in 
synaptic efficacy. Therefore, astrocytes are di- 
rectly involved! in the synaptic information trans- 
fer and storage by the nervous system, 
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CHD1 Motor Protein Is Required for 
Deposition of Histone Variant 
H3.3 into Chromatin in Vivo 


Alexander Y. Konev,? Martin Tribus,? Sung Yeon Park,* Valerie Podhraski,? Chin Yan Lit 


Alexander V. Emelyanov,? Elena Vershilova,? Vincenzo Pirrotta,? James T. Kadonaga,* 


Alexandra Lusser,”t Dmitry V. Fyodorov"t 


‘The organization of chromatin affects all aspects of nuclear DNA metabolism in eukaryotes. H3.3 is an 
evolutionarily conserved histone variant and a key substrate for replication-independent chromatin 
assembly. Elimination of chromatin remodeling factor CHD1 in Drosophila embryos abolishes 
incorporation of H3.3 into the male pronucleus, renders the patemal genome unable to participate in 
zygotic mitoses, and leads to the development of haploid embryos. Furthermore, CHD2, but not ISWI, 
interacts with HIRA in cytoplasmic extracts. Our findings establish CHD1 as a major factor in 
replacement histone metabotism in the nucleus and reveal a critical role for CHD1 in the earliest 
developmental instances of genome-scale, replication-independent nucleosome assembly. Furthermore, 
‘our results point to the general requirement of adenosine triphosphate (ATP)-utiizing motor proteins 


for histone deposition in vivo. 


during various processes of DNA metab- 

olism. Recent studies have highlighted 
the importance of histone variants, such as 
1133, CENP-A (centromere protein A), or HAZ, 
in chromatin dynamics (7, 2). Incorporation of 
replacement histones into chromatin occurs 
throughout the cell eycle, whereas nucleosomes 
containing canonical histones are assembled ex- 
clusively during DNA replication. A. thorough 
Understanding of the replication-independent 
mechanisms of chromatin assembly, however, is 
lacking, 

In vitro, chromatin assembly requires. the 
action of histone chaperones and adenosine 
triphosphate (ATP)-utilizing Factors (3). Histone 
chaperones may specialize for certain histone 
variants. For example, H3.3 associates with a 
complex containing HIRA, whereas canonical 
13 is in a complex with CAF-1 (chromatin as- 
sembly fhetor 1) (4, The molecular motors known 
toassemble nucleosomes are ACF (ATP-utilizing 
chromatin assembly and remodeling factor) 
CHRAC (chromatin accessibility complex), and 
RSF (nucleosome-remodeling and spacing fac~ 
tor), which contain the Sni2 family. member 
ISWL as the catalytic subunit (5-7), and CHDI, 
which belongs to the CHD subfamily of Snl2 
like adenosine triphosphatases (ATPases) (8) 
These factors have not been shown to mediate 
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deposition of histones in vive. We previously 
demonstrated that CHDI, together with the 
AP-1, assembles nucleosome arrays 
and histones in vitro (9). Here, we 
investigated the role of CHD! in chromatin 
assembly in vivo in Drosophila 

We generated Chi/ alleles by P clement 
‘mafited mutagenesis (Fig. 1A) (/0} Two exci- 
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sions, Df2L)Chdl [1] and DA2LIChd! 2}. deleted 
fiagments of the Chd gene and fiagments of 
unrelated adjacent genes. Heterozygous combi- 
nations, however, of Chdl[1] or Chdl [2] with 
DZLIExeI7014 alfeet both copies of the Chd I 
gene only (Fig. 1B). We alo identified a single 
Point mutation that results in premature translation 
temmination of Chd/ (Q1394*) in a previously 
described lethal allele, (2/23Cd/A7-4] (I). 
Hence, 12)23Cd[A7-4] was renamed Chl [3]. 

Analysis of Westem blots of embryos from 
heterozygous Chdi/3] fruit Mies revealed the 
presence of a truncated polypeptide besides full- 
Jength CHDI (Fig. 1C). No truncated polypep- 
tides were detected in heterozygous Ch! /1] or 
Chi [2] embryos. Theretore, the corresponding 
deficiencies result in null mutations of Chd!. 
Crosses of heterozygous Chd/ mutant alleles 
With D/2LUSI7/C\O oF DICLIEKeI701V GO 
produced subviable adult homozygous mutant 
progeny (fig. $1). Both males and females Were 
sterile, Homozy gous null females mated to wild- 
type males laid fertilized eges that died! before 
hatching. Therefore, matemal CHD1 is essential 
for embryonic development. 

When we examined the chromosome stru 
ture of O- 10 4-hour-okd embryos laid by Chid/~ 
null females, we observed that, during syncytial 
mitoses (cycles 310 13), the nuclei appeared to be 
abnonnally small, The observed numbers of 
anaphase chromosomes suggested that they Were 
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Fig. 1. Characterization of Chd1 mutant alleles. (A) Genomic structure ofthe Cha? locus. f(2U1517 and 
D#(2UExe17014 uncover Chd1. White boxes, predicted genes; black box, Cha; black arrows, chromosome 
deficiencies; dashed lines, deficiency breakpoints; triangle, P/EPay2JE¥07345 insertion that was used for 
‘excisions. (B) The Chd1/1] and Chd1[2] excisions delete 296 and 958 amino acids, respectively, from the C 
terminus of CHD1. Chd1/3] has a nonsense mutation resulting in a stop at glutamine 1394. The distal 
breakpoint of D/(2UExeI7014 is located immediately downstream of the Chd1 3’ untranslated region. 
White boxes, predicted genes; black box, ChdZ coding sequence: gray box, ChdI ATPase domain. (C) 
Westem blot of heterozygous mutant embryos. Truncated CHD1 polypeptides are not detected in 
heterozygous Chd1[1] or Cha/2] embryos. Heterazygous Chd2/3] embryos express a truncated (residues 
11 to 1394) CHD1 polypeptide. Arrowhead, wild-type CHD1 (250 kD); arrow, left, NAP-1.(oading control); 
(GO, second-chromosome balancer. 
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haploid (Fig. 2A). To confirm this observation, 
‘we mated wild-type or Chel/-null females with, Asfl 


ss only the 
utants (Fi 
oid, 


in the n 
develop with hi 


males that carried a green flu 
(GFP) transgene. Embryonic DNA was ampli 
fied with primers detecting male-specific GFP 
Asfl. In wild-type em- 
bryos, both primer pairs produced polymerase 


escent protein 


and a reference gene, gate the 


A 


wild type 707 


Fig. 2. Embryos from homozygous Chd? mutant 
females are haploid. (A) Propidium iodide (PD 
staining reveals the haploid chromosome content 
in Chdi-null embryos (ight. Cycle 10 embryos are 
shown, (B) Propagation of only the maternal 
«genome is detected by PCR in embryos from Chat 
females that have been mated with males carying 
a GFP transgene. Primers for GFP recognize the 
paternal DNA; primers for AsfL amplify sequences 
from both male and female genomes. (C) The 
absence of maternal CHOI results in the inability of 
‘one pronucleus (arrows) to enter the first mitosis 
The other pronucleus (arrowheads) continues with divisions (left, prophase 


anaphase), Labeling above the panels refers to genotypes of mothers. Scale bars, 10 yim 


A 


Fig. 3. CHD1 is required for incorporation of histones into decondensing 
sperm chromatin. (A) H3 colocalizes with ONA in both parental pronuclei 
of wild-type embryos (eft, interphase or prophase; right, metaphase). (B) 
In Chd1 mutant embryos, the male pronucleus fails to undergo mitosis 
and accumulates abnormally little H3. (C) H3.3-FLAG is incorporated into 
chromosomes of the male pronucteus in wild-type embryos. Panels show 


chain reaction (PCR)-ampli 


products, 
fied 


is, Chl embryos 


various developmes 
type and Chdi-null embryos (table $1). The lack 
YF maternal CHDI dramatically changed this 
distribution. Most notably, at 0 to 4 hours after 
deposition, the majority of Chi embryos 


al stages in samples of wild 


maternally derived chro- 


causes of haploidy in (56%) remained at a very early stage of develop- 
wed distributions of — ment in contrast to the wild type (24%) (lable $1), 
In Drosophila eges, m ves rise to four 

haploid nuclei, When the egg is fertilized, one of 

them is selected as a female pronucleus; the 

remaining three form the polar body. After 

breakdown of the sperm nuclear envelope, the 
compacted sperm chromatin is decondensed, and 


spemm-specific protamines are replaced with 


‘maternal histones. The male 


clei juxtapose in the middle of the embryo and 


undergo one round of separate haploid mitoses, 
The resulting products fsse with their counter 
arts 10 give two diploid nuclei (/2). In the 


majority of Cha] embryos, we observed partial 
nm of the 


erm chromatin and 
mtal pronuclei, Then, 
wackeus underwent mitosis; the 
other one did not (Fig. 2C), Considering the 
eral DNA (Fig, 22), we 
at mitotic progression of the male 


subsequent loss of pa 
conclude th 


pronucleus is hindered in Chal embryos. 


Because CHDI can assemble nucleosomes in 
vitro, we asked whether the absence of CHDI 


affects histone incorporation into the male 
pronuclous. Embryos from wild-type or Chal: 
null females were stained with an antibody against 
histone H3, In wild-type embryos, we observed 
uniform staining in both parental pronuclei (Fig. 


3A), In contrast, in Chd-null embryos only the 


to metaphase; right, post 


the first metaphase. (D) In Chd1 mutant eggs, H3.3-FLAG accumulates in 
the periphery of the male pronucleus. The female pronucleus proceeds 
with mitosis (left, prophase; right, anaphase). (B, C, and D) Arrows, male 
pronuclei (m); arrowheads, female pronuclei (f). Labeling above the 
panels refers to genotype of mothers. Red, Pl; green, H3 (A and B) or 
H3.3-FIAG (C and D). Scale bars, 10 jm. 
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female chromatin was brightly stainad. The male 
Pronucleus contained considerably less histone 
1B (Fig. 3B), These observations indicate that 
CHDL jis necessary for nucleosome assembly 
during spenn decondensation. 

Spenn DNA does not replicate during de- 
condensation, andl histones are deposited by 
replication-independent assembly mechanisms, 
which involve the variant histone H3.3 but not 
canonical H3.(/3). It has been shown in 
Drosophila and mice that H3.3 is specifically 
present in the male pronucleus (/4, 15). We 


carry 


FLAG-tagged H3.3 transgene. In wild-type 


embryos, we observed colocalization of the 
H3.3-FLAG signal with male pronuclear DNA 
during migration and apposition. No H3.3-FLAG 


‘was detectable in the matemal pronucleus (Fig. 
3C), In Cha-null embryos, the male promucleus 
showed altered 13.3-FLAG staining. The signal 
didnot eo-localize with the DNA but rem 
constrained to the nuclear periphery in a sac- 
shaped pattern (Fig. 3D). 

These findings suggest that in the cartiest 
phases of Drosophila de 
essential for the incorpo 
normal assembly of patemal chromatin. In com 
trast, CHDI does not appear to afeet the organi: 
zation of maternal chromatin, We conclude that 
CHDI is required for replication-independent 
nucleosome assembly in the deco male 
pronucleus, but is dispensable for replication- 
coupled incorporation of HB, 

It was shown recently that the sesame (sv) 
‘mutation of Drasophia histone chaperone HIRA 
sod the development of haploid embryos and 
abolished H3.3 deposition into the make pro- 
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nucleus (14). Chdl and ssm mutants, however, 
differ profoundly in the manifestation of this 
phenotype. In ssn embryos, H3.3 is absent from 
the male pronucleus. In contrast, in Chd/-null 
embryos, 133 delivery to the male pronucleus 
appears to be unaffected. Thus, our observations 
allow us to mechanistically discem the roles of 
CHDI and HIRA. Whereas HIRA is essential f 
histone delivery to the sites of nucleosome as- 
sembly, CHDI directly facilitates histone depo- 
sition (fig. S3). Our findings are consistent with, 
observations in vitro that histone chaperones 
either do not assemble nucleosomes or assemble 


that histone deposition in vivo also transpires 
through an ATP-dependent mechanism, 


CHD! has been implicated in transcription 
longation-related chromatin remodeling (/6). 
We demonstrate that CHD! functions in nucleo- 
some assembly in the early Drosophila embryo, 
hich is transcriptional silent. The biologic 
rwle of CHDI, therefore, 
transcription-related processes. T 
saccharomyces pombe homolog of CHDI 
Hep!, has been shown to function in loading of 
the centromere-specific H3- variant CENP-A 
(17) Sieilaly to 13.3, incorporation of CENP-A 
into chromatin is not restricted 10 S phase 
Therefore, CHDI may fave a general role 
‘xplication-indcpendent nucleosome assembly. 
Sperm decondensation involves. not only 
histone incorporation, but also eviction of prot- 
nes. To discem whether CHDI. has a role 
is process, we analyzed the fate of protamine B 
(Ms3SBb) in Chdi-null embryos. Although we 
detected GFP tagged Mst3SBb inthe sperm head 
immediately upon fertilization, we did not observe 


nl Fig. 4. Deposition of H3.3 into 
‘chromatin during syncytial blasto- 
derm is compromised in Cha 
mutants. (A) H3.3-FLAG overlaps 
with DNA in syncytial nuclei of a 
gycle 14 wild-type embryo. (B) 
H3.3-FLAG colocalizes poorly with 
DNA in Chd1 mutant embryos. 
Labeling above the panels refers 
to genotypes of mothers. Red, Pl; 
‘geen, H3.3-FLAG. Scale bars, 10m, 


Mst3SBb-GFP signal in the male pronucleus (li 
$2). Thus, like HIRA (/8), CHD is dispensable 
for protamine removal. We have shown that the 
male pronucleus in Chd/-null embryos co 
very low amounts of histones (Fig. 3), yet the 
DNA isnot packaged with protamine. It remains 
an open question whether other DNA-protein 
complexes exist in the male pronucleus. 
Drosophila cags contain stores of both 
known chromatin assembly  f 
S4A) (/9), Nevertheless, ISWI 
is unable to substitute for CHD1 in the depo- 
sition of H3.3. To examine whether CHDI 
and ISWI differ in their ability to interact with 
the H3.3 chaperone HIRA, we performed coim- 
munoprecipitation experiments with extracts 
from embryos expressing FLAG-HIRA, CHDI 
signal was readily detected in FLAG-spec 
immunoprecipitates, whereas ISWI did no 
immunoprecipitate with HIRA (i 


e- 
S4B). Ths, 
a fraction of CHDI, but not ISWI, physically 
associates with HIRA, This property of CHDI 


‘may account for its unique function in the 13,3 
deposition process. 

A subpopulation of Chd/ mutant haploid 
embryos survives beyond apposition stage (table 
SI). Therefore, we asked whether H3,3 deposi- 
tion is altered in Chd/ mutant embryos during 
later developmental stages. In wild-type nucle, 
the H3.34FLAG signal originating from the male 
pronucleus becomes undetectable after 2 t0 3 
divisions. Most matemal 13.3 remains distib- 
tuted diffusely throughout the syncytium. After 
eyele H1 (roughly comelating with the onset of 
zygotic transcription) H3.3-FLAG is redistib- 
‘uted into the nuek itcolocalizes with th 
DNA (Fig, 4A). In contrast, incorporation of 
1133 into Chd/ mutant nuclei was impained 
H13.34FLAG produced a speckled staining with 
‘numerous bright dots that poorly o 
the maxima of DNA stiining (Fig. 4B), It is 
important to note that, in the ssn (HRA) mutant, 
113.3 incorporation defects in tissues or develop- 
mental stages other than the apposition stage 
the idea that misincomporation of H3.3 
embryos isa direct effect of CHDI deletion rath- 
an a consequence of haploid development 
We also conclude that CHDI functions in H3.3 
<dcposition during Inter stages of embryonic devel 
‘opment, possibly ina HIRA-independent fashion. 

This study provides evidence that ATP- 
dependent mechanisms are used for histone 
deposition during chromatin assembly in vivo, 
‘Thus, molecular motor proteins, such as CHD1, 
function not only in remodeling of existing nu- 
‘cleosomes but also in denove nucleosome assem- 
bly from DNA and histones, Finally, our work 
identifies CHI as a spe the as 
sembly of nucleosomes that contain variant 
histone H33. 
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Blue-Light—Activated Histidine 
Kinases: Two-Component 


Sensors in Bacteria 


Trevor E. Swartz,’* Tong-Seung Tseng,” Marcus A. Frederickson,” 
Gastén Paris,? Diego }. Comerci,® Gireesh Rajashekara,*” Jung-Gun Kim,> 
Mary Beth Mudgett,” Gary A. Splitter,* Rodolfo A. Ugalde,* Fernando A. Goldbaum,? 


Winslow R. Briggs,’ Roberto A. Bogomolni*t 


Histidine kinases, used for environmental sensing by bacterial two-component systems, are 
involved in regulation of bacterial gene expression, chemotaxis, phototaxis, and virulence. Flavin- 
containing domains function as light-sensory modules in plant and algal phototropins and in 
fungal blue-light receptors. We have discovered that the prokaryotes Brucella melitensis, Brucella 
abortus, Erythrobacter litoralis, and Pseudomonas syringae contain light-activated histidine 
kinases that bind a flavin chromophore and undergo photochemistry indicative of cysteinyl-flavin 
adduct formation. Infection of macrophages by 8. abortus was stimulated by light in the wild type 


bbut was tir 


ited in photochemically inactive and null mutants, indicating that the flavin-containing 


histidine kinase functions as a photoreceptor regulating 8. abortus virulence. 


OV (light, oxygen, or voltage) domains 
I re distributed in the three kingdoms of 

life (Eukarya, Archaea, and Bacteria) 
(1, 2). In most eases, the LOV domain is the 
primary sensory module that conveys a signal to 
protein domains with known or putative fime- 
tions as diverse as regulation of gene expression, 
regulation of protein catabolism, and activation 
of serine'threonine kinases in cukaryotes and 
histidine kinases in prokaryotes (3, 4). The only 
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two LOV-domain proteins from bacteria that 
have been studied are YivA—a LOV-STAS 
(LOV-sulfate transporter and anti-sigma factor 
antagonist) protein from Bacillus subtilis 
and a LOV protein (containing no other known 
domains) from Pseudomonas putida (5-8). 

‘The best-characterized LOV domains belong 
to the plant blucfight receptors, the phototrpins, 
and the closely related photoreceptor neochrome 
(9). The LOV-domain x-ray structure shows 
the flavin mononucleotide (FM) chromophore 
noncovalently bound to the protein through 
hydrogen bonding and hydrophobic interac- 
tions, and the sulfur atom of a reactive cysteine 
to be within 42 A of the C(4a) carbon of FMN 
(10). Light absomption by the LOV-domain fla- 
vin chromophore results in formation of a 
eysteinyl-flavin adduct in which the sulfur of 
the reactive cysteine forms a covalent bond 


Erythrobacteritoralis (EL346-LOV-HK) 
Erythrobacterlitoralis (EL968-LOV-HK) 


Brucella meltensis/abortus (BM-LOV-HK/BA-LOV-HK) 


Pseudomonas syringae (PS-LOV-HK) 


with the C(4a) carbon of FMN, In the photo- 
tropin LOV domains, this stable bon! spon 
neously breaks in the dark (in many seconds), 
‘completing a photocyele (/1), This process has 
been proposed to be base catalyzed (12-14), 
‘Cysteinyl adduct formation in the phototropins 
produces protein conformational changes (15, 16) 
that activate a serine/threonine kinase domain, 
resulting in autophosphorylation (9). The ae= 
tivated phototropins mediate several blue-light 
responses in plants, including phototropism, chlo- 
roplast relocation, leaf expansion, and stomatal 
‘opening (17). 

Sequence analysis predicts that the genomes 
‘of the human/animal facultative intracellular 
pathogen Brucella melitensis (18, 19), the plant 
pathogen Pseudomanas syringae (3, 4, and the 
marine bacterium Enihrobacter:ltoralis code 
for proteins that contain a LOV domain at their 
N terminus, with a histidine kinase occupying 
the C terminus (LOV-HK). Protein sequence and 
structural modeling [Swiss model (20)] of these 
bacterial LOV domains predict that all four 
LOV-HK proteins will bind a flavin and that 
all contain a cysteine within a few angstroms of 
the chromophore. Analysis of published ge- 
nomes indicates 24 different sequenced bacteria 
‘contain genes that code for putative LOV-HKS, 
UM. 

The falllength proteins (489 amino acids) 
fom B. melitensis (BM-LOV-HK) and B. abortus 
(BA-LOV-HK) contain three distinct domains: 
4 LOV domain at the N terminus, followed by 
PAS (Per Amt- Sim) domain in the inter- 
ening sequence, and a histidine kinase at the 
C temminus (Fig. 1), Although there are some 
silent mutations in the genes that encode the 
LOV-HK in the various Brucella species, the 
protein sequence is identical in B. melitensis, 
B. abortus, and B. suis. The two LOV-HK pro- 
teins from E:litoralis (346 amino acids andl 368 
amino acids in length for EL346-LOV-HK and 
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Fig. 1. Domain alignment of LOV histidine kinase proteins (LOV-HK). 
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EL3O8-LOV-HK, respectively) contain only a 
LOV domain followed by a linking sequence and 
a Germinal histidine kinase domain (Fig. 1). 
‘The LOV-domain protein from the plant patho- 
gen P. syringae (PS-LOV-HK) (S34 amino acids) 
contains & LOV domain at the N temminus, fol- 
lowed by a histidine kinase and a putative C- 
terminal receiver (Rec) domain (is... response 
regulator) (Fig, 1). AIL of these sensorhistidine 
kinase proteins are hypothesized to be involved 
in two-component signaling at some stage in the 
organism's lie eyele. 

We have cloned the genes encoding BM- 
LOV-HK, EL368-LOV-HK, EL346-LOV-HK 
and PS-LOV-HK, expressed them in Escherich- 
‘a coli, nd affinity-puritied ther fll-length pro- 
teins. The four proteins exhibit characteristic 
LOV-domain absorption, with two broad absomp- 
tion bands (450 nm and 370 nm) with se 
ondary spectral peaks indicative of flavin ina 
tight-binding pocket (/6) (Fig. 2A). The flavin 
chromophore was extracted from the four LOV- 
HiKs and analyzed by thin-layer chromatogra- 
phy (TLC), All four LOV-HKs expressed in 
E, coli bind FMN as the flavin chromophore 
(able $1), 

Light-induced absomption changes were mea- 
sured t0 study the photochemistry of the isolated 


Fig. 2. Absorption A 
spectra and absorption 
changes for full-length 
LOV-HKs. (A) Absorption 

of LOV-HKs showing fla- 

vin binding and char 02) 
acteristic LOV-domain y 
absorption spectra. (B) 
Light-induced absorption 
difference spectra. BM. 
LOV-HK data collected 4 
every 5 min for 2 hours 
after light excitation, 
E346-L0V-HK, £1368- 
LOV-HK, and PS-LOV-HK. 
spectra collected every 
10 min atter light exci- 
tation, Difference spectra 


are typical of cysteinyl = & O°) 

adduct formation char= SK, # 
‘acteristic of LOV-domain <4 
phoosersory module pho- 

tochemistry. (C) Absorp- my 


tion changes after light 
excitation measured at 
450 nm. Decay és fit to a 
single exponential with 
the halflife shown on 
the graphs. Samples were 
alin phosphorylation 
bute, 
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LOVAHKs. Illumination ofthe LOV-1Ks with a 
Jems camera strobe Mash produced a difference 
spectrum that indicates a loss of absorption from 
the 450-nm band, with some increase in absorp- 
tion inthe ultrviolet A (UVA) region (Fig. 2B). 
These difference absorption changes are charac- 
teristic of the formation of a flavin cysteinyl 
‘xlduct that has a broad absorption band around 
390 nm (11, 12). 

The BM-LOV-HK adduct state is extremely 
stable and does not decay measurably in 2 hours 
(Fig. 2C). This stability is unlike that of the 
other three LOV-domain proteins presented 
here, in which the cysteiny! adduct breaks spon- 
tancously, with the chromophore/protein ther- 
‘mally retuming to the ground state in the dark 
The other three LOV-HKs complete a pho- 
tocyele in which they decay thermally from the 
‘xkduct state back to the ground state in the dark 
with half-lives. of 28 (ELS46LOV-HHK), 32 
EL368-LOV-HK), and 22 (PS-LOV-IIK) min 
(Fig. 2C). In the phototropin LOV domains, the 
spontaneous adduct decay is thought to be base- 
catalyzed (12-14), possibly initiated by abstrac- 
tion of the NS proton. However, the putative 
proton acceptor has not been identified: 
sequence comparisons of the various LOV 
domains do not provide information about the 
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residues controlling the relative rates of dark 
decay. 

‘The four LOV-HKs incorporated “P from 
[e°PIATP (adenosine triphosphate) in a light- 
dependent manner at T= 0 min (Fig 3 A-D), 
‘confirming that cach functions as a light-activated 
kinase. The BM-LOV-HK-C69A mutant, which 
‘binds FMN but cannot form the cysteinyl ad- 
‘duct, did not activate the kinase in response to 
illumination (Fig. 3E). In addition, an assay 
testing the alkali and acid stability of the phos- 
phate bond indicated that, in all the proteins, a 
phosphohistidine bond most likely formed upon 
kinase activation (fig. S1) (2/). 

The LOV-HIKs we examined all contain a 
sensovhistidine kinase and therefore are ym 
‘sumably involved in two-component signaling, 
When activated, the histidine kinases operate by 
transiently phosphorylating a histidine residue 
‘on the kinase, and the phosphate from the ac- 
tivated kinase is transferred to an aspartate of 
a response regulator 3). The activated re- 
sponse regulators are generally involved in 
control of gene expresion or, in the case of 
chemotaxis, in flagellar motor contol (22, 23), 
The PS-LOV-IK is unigue among these four 
LOV kinases because its putative receiver (Rec) 
domain is covalently linked to the histidine 
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nase at the C terminus (Fig. 1). In two-component 
signaling, the Ree should be the final acceptor 
of the phospho-relay chain. However, our in 
vitro activity assay (fig. $1) indicated that the 
histidine of the sensor kinase and not the as- 
ppartate on the response regulator domain was 
Phosphorylated, because treatment of phos 
phorylated PS-LOV-HK with alkaline buffer 
to hydrolize phospho-aspartates (2/) did not 
significantly reduce phosphorylation. 

fier irradiation, the BM-LOV-HK kinase 
activity correlates with the presence of the flavin 
cysteinyl adduct state (Fig. 3), For the other 
three kinases, the amount of radioactive phos- 
phate incorporated decreased with time in dack~ 
ness (Fig. 3, B to D) comesponding 10 the 
breakage of the cysteinyl adduct (Fig 2B), 
indicating that the LOV-domain adduct state is 
the signaling state that triggers activation of the 
histidine kinase. When a second light pulse was 
given 180 min after the first, phosphorylation 
‘was as strong as that from the initial light pulse, 
indicating that the decrease in phosphorylation 
‘overtime afte the initial light pulse was not due 
to protein deyradato 

‘The kinase-domain activation results pre- 
sumably from intramolecular propagation of & 
local structural perturbation generated by adduct 
formation, We do not know whether the LOV 
domains in microorganisms use a common in- 
tramolecular signaling mechanism that has been 
‘adapted to allow for simple exchanging of sen- 
sory modules to different output signaling do- 
mains, In the plant receptor phototropin, it 
seems that LOV-domain activation disrupts an 
‘adjacent amphipathic alpha helix (a, which 
then activates the kinase domain (76). Although 
protein modeling with the Swiss-model program 
20) predicts a close resemblance to phototropin 
LOV domains, it does not predict an. amphipathic 
Ja. helix, which suggests that different intrarmo- 
Aecular signaling mechanisms occur 

LOV domain photoactivity implies that light 
responses are important for these microorganisms 
3, 4) and possibly required for virulence (24) 
We found that the PS-LOV-HK gene was con- 
stitutively expressed in the P2 syringae pathovar 
syringae strain DC3000 grown in minimal me- 
dia (Fig. $2), a condition known to induce the 
type Ill secretion/pathogenicity island (25), Con- 
versely, we did find about a twofold inerease in 
transcription of the BM-LOV-HK (BMEI0679) 
gene fiom B. melitensis at a pH (26) similar to 
that within infected macrophages (table S2). 

‘Two-component signal transduction systems 
are involved in bacterial vinulence (24; hence, 
‘we investigated the role of BA-LOV-HK in vir- 
ulence by constructing an insertion-knockout 
‘mutant strain by the introduction ofa kanamycin- 
resistant cassette into the gene (27). To deter- 
mine whether the B. abortus LOV-HK mutant is 
able to replicate inside mammalian host cells, 
wwe infected J774A.1_ murine macrophages with 
the wild type and the knockout bacteria and 
counted intracellular bacteria after infection 
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Fig. 3. LOV-HKs function as light-activated kinases. Autoradiogram showing the light-dependent 
phosphorylation of LOV-HKs. Samples were given a mock irradiation (0) or irradiated with a 1-min white 
light (U pulse at a fluence of 2000 jumol m™* s~*. [y-PIATP was added 0, 30, 60, 120, and 180 min 
after the light pulse, and the samples were incubated for 4 min at room temperature, Samples were then 
fractionated with SOS-polyacrylamide ge electrophoresis (PAGE), and the gels were exposed to film. (in 
1 indicates a sample in darkness for 180 min followed by a light pulse and addition of [y-"*PJATP. In 
2 indicates a sample given light pulse followed by 180 min in darkness, followed by a second light 
pulse and immediate addition of {y-PJATP). All manipulations were carried out under dim red 
light. (A) BM-LOV-HK. (B) EL346-LOV-HK. (C) EL368-LOV-HK. (D) PS-LOV-HK. (E) BM-LOV-HK-C69A 
‘shows no light-induced activation of the kinase domain, consistent with the absence of light-induced 
photochemistry. 
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Fig. 4. LOV-HK protein from B. abortus is involved in virulence. Infectivity of 8. abortus 2308 and B. 
abortus LOV-HK null mutant was tested in the J774A.1 murine macrophage cell line (A). At the 
indicated times (4, 24 and 48 hours), cells were lysed and the number of intracellular bacteria was 
determined by plating on tryptic soy agar. B abortus 2308 (white), LOV-HK mutant (light gray), LOV- 
HK mutant complemented with plasmid pBBR-BaLOV expressing LOV-HK protein (diagonal hatched) 
and B. abortus LOV-HK mutant transformed with pBBR-BaLOV C69A expressing LOV-HK-C69A mutant 
protein (horizontal hatched). Data (mean + standard deviation of duplicates) shown are representative 
of three independent experiments performed. Light affects 8 abortus infection (B). B. abortus 2308 
and LOV-HK bacteria given either dark or light treatment were used to infect macrophage cell tine 
J774A.1. At the indicated times, the number of intracellular bacteria was determined by plating in 
tuyptic soy agar. & abortus 2308 light treatment (white) and dark treatment (black); LOV-HK knockout 
‘mutant ight tated (ight gray) and dark treated (dark gray). Data shown (mean + standard deviation 
of duplicates) are representative of two independent experiment. In both graphs, data are presented as 
relative increase over 1-hour data. All CFU/ml (colony forming units) values were divided by the 
corresponding one-hour data. 
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(Fig. 4A), Replication of the B. abortus LOV- 
HK mutant strain was less than the wild-type 
sinain as early as 4 hours after infection. To con- 
firm that this defect in replication was only duc to 
the absence of the BA-LOV-HK gene, the LOV- 
HK mutant was complemented with a plasmid 
expressing the wik-type BA-LOV-HK gene. The 
complemented strain was able to rescue the mi 
tant phenotype (Fig. 44), confirming that the BA~ 
LOVC-HK gene is required for optimal replica- 
tion of B. abortus in macrophages, 

Light activation of the LOV-HK requires a 
reactive eysteine (C69). A C69A mutant in a B 
‘abortus LOV-HK knockout background did not 
retum the replication rate to the wild-type level 
(Fig. 4A), indicating that formation of the co- 
valent adduet between FMN and the LOV pro- 
tein is essential to restore kinase function. Thus, 
the biological role of the LOV-HK protein is 
associated with its capacity wo sense light and 
transduce the signal to the output kinase do- 
main, The number of intracellular bacteria in- 
creased slightly after 24 hours in culture in the 
light (Fig. 4B}; however, in the dark, roughly an 
order of magnitude fewer bacteria survived, a 
survival rate no better than that of the BA-LOV- 
HK knockout mutant, which suggests clearly 
that the BA-LOV-HK photoreceptor serves as & 
virulence factor in Brucella spp. and that light 
may prepare the bacteria present in the aborted 
8 for infection of the next host (28), 


bind a flavin chromophore that, upon illumina~ 
tion, forms the eysteiny! adduct characteristic 
of LOV domain photochemistry. Unexpected- 
ly, the eysteinyl adduct in Brucella LOV-HK 
does not break spontaneously in the dark as it 
does in the other bacterial LOV-HK. proteins 
and the plant phototropin LOV domains (17). 
Upon illumination in the presence of ATP, the 


Kinases of all four LOV-HKs undergo auto- 
phosphorylation, likely on a conserved histi- 
dine, and are activated. The close correlation 
between eysteinyl-flavin adduct lifetime and 
kinase activity indicates that the adduct is the 
signaling state that activates the histidine ki- 
nase. Furthermore, the BA-LOV-HK appears to 
function as a photoreceptor that is directly re- 
lated to Brucella survival and replication within 
macrophages. 
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Temporal Fragmentation of 
Speciation in Bacteria 


‘Adam C, Retchless and Jeffrey G. Lawrence* 


Because bacterial recombination involves the occasional transfer of small DNA fragments 
between strains, different sets of niche-specific genes may be maintained in populations that freely 
recombine at other loci. Therefore, genetic isolation may be established at different times for 
different chromosomal regions during speciation as recombination at niche-specific genes is 
curtailed, To test this model, we separated sequence divergence into rate and time components, 
revealing that different regions of the Escherichia coli and Salmonella enterica chromosomes 


diverged over a ~70-1 


jon-year period. Genetic isolation first occurred at regions carrying 


species-specific genes, indicating that physiological distinctiveness between the nascent 
Escherichia and Salmonella lineages was maintained for tens of millions of years before the 


complete genetic isolation of their chromosomes. 


the proper identification and delineation 
of bacterial species play critical roles in 
‘medical diagnosis, food safety, epidemiol- 
ogy, and bioterrorism mitigation. Human re 
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sponses are guided by perceptions of the 
biological properties and capabilities of a named 
species, as well as by an understanding of its 
natural variability and potential to change. The 
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biological species concept (BSC) considers a 
species to be a group of organisms that readily 
‘exchange genetic information only with each 
‘other (7). In eukaryotes, recombination —here 
defined as allelic exchange—is often tied 10 
reproduction, whereby meiosis is followed by 
the karyogamy of two entire haploid zenomes, 
Consequently, as new species arise, em 
isolation would occur simultaneously for all 
loci, meaning that all pairs of orthologous genes 
would be diverging for about the same amount 
‘of time. Whereas bacterial speciation is. a 
‘complex process (2-4), the BSC has also been 
applied to bacteria such as E, coli (S). Bacterial 
recombination involves. the occasional, uni- 
directional transfer of small DNA. fragments 
from one strain into the homologous locus of 
‘another strain, Because only a small portion of 
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the genome is transferred, orthologs would have 
diverged for differing amounts of time (fig. SI, 
A and B), Interspecies transfer is limited by 
mechanisms that increasingly reject recombina- 
tion as donor and recipient sequences become 
more divergent (6, 7). Yet this process does not 
speak to how recombination ceases within a 
group of recombining strains (wherein allelic 
differences are few), thereby allowing two 
genetically distinct groups to form, 

Given the vast range of recombination rates 
seen for bacterial populations (8, 9), we propose 
‘wo models for lineage separation after the emer- 
nce of and selection fora differentially adapted 
genotype. First, nuckotide substitutions. and 
lineage-specific loci could be acquired quickly, 
relative to the rate of recombination (10). In this 
model, genetic isolation would be established 
almost simultaneously for all othologs ig. 
SIA), Altematively, niche-specific changes may 
bbe acquired more slowly, relative to the rate of | 
recombination (fig. S1B), and gene conver- 
sion events would continue at loci unlinked to 
niiche-defining genes (/1), ln this case, between 
Population selective sweeps (/2) would occur 
freely at loci that are unlinked 10 genes im 
parting ecological distinctiveness; in. contrast, 
recombinants losing niche-specific functions 
‘would be poorly adapted to either environment 
‘and would be counterscleeted (4), Thus, alles 
may undergo selective sweeps across “species” 
‘boundaries when not proximate to niche-specific 
loci: over time, all loci would become geneti- 
cally isolated as mismatches accumulate and 
the number of niche-specific loci increases. This 
fiagmented speciation model further predicts 
that early-divenging genes will be linked to loci 
that interfered with effective intertineage recom- 
bination, such as those encoding niche-specific 
traits oF those subject to diversifying or frequency- 
dependent selection (13, 14). As a caveat, re 
sions of strongly dissimilar DNA can interfere 
‘with recombination at highly similar flanking 
regions, independent of selection against recom- 
binants (7); the consequences of this issue ane 
beyond the scope of this work. 

To detect temporal fragmentation of specia- 
tion, we must first distinguish between carly= and 
late-divenging orthologs. Because divergence is 
4 function of both time and evolutionary rate, 
time may be estimated from divergence once 
the evolutionary rate is determined (fig. SIC). 
At synonymous sites, evolutionary rate can be 
estimated fom the codon adaptation index 
(CAL), an intragenomic, time-independent mea 
sure of sclection (/5). Divengence is measured as 
the number of synonymous substitutions per 
‘synonymous site (K,); because K, decreases as 
CAL increases (fig. SIC), CAL can generate the 
expected value of Ky if divergence times are 
uniform among genes (/6). Early-diverging 
orthologs will have langer than expected Ky 
values because more time has elapsed since their 
divergence, and late-liverzing orthologs will 
have smiller than expected values (fiz. SIC). 


24 AUGUST 2007 VOL 317 SCIENCE 


Codon Usage Bias (standard deviations from the CAI mean) 


Fig. 1. Influences on synonymous substitution rate. Synonymous substitutions as a function of mean, 
codon bias of the open reading frames are shown, with polynomial least-squares regression lines, The 
dashed vertical tine indicates the value of CAl above which the relationship between CAI on Ky was 
unclear, (Inset) Scatter plot of third-order regression residuals as a function of distance from the E, coll 
K12-MG1655 origin, with a linear least-squares regression line. Mb, megabase, 


‘We applied this method to the genomes of E. 
coli and S. enterica; recombination is common 
within either taxon (8, 10, 17), whereas intespe- 
cies recombination is inhibited (8). We ana- 
lyzed genes with orthologs present in cach of 
three different E. coli and S. enterica genomes 
representing the most diverse available sequences 
(Z6). These six strains share a chromosomal 
backbone of 2677 sets of orthologs (table SI). 
CAL and between-species K, were computed for 
protein-coding genes, and the relationship was 
fit by polynomial regression (Fig. 1). As ex- 
pected, increasing selection for preferred codons 
(high CAD) is generally reflected by lower di- 
vergence (low K,). We ignored 527 pairs of 
genes with <S0 synonymous sites, ither because 
their K, values were in saturation or because 
the relationship between CAL and K, was un- 
clear (Fig. 1). The effect of map position on Ky 
(U9) was estimated by treating CAl-corrected 
K, as a linear function of the gene’s distance 
from the E coli K12 replication origin (Fig. 1, 
inset), Ukimately, relative divergences of 2150 
genes along the chromosomal backbone (Fig. 2) 
‘were calculated as the ratio of observed Ky to 
that expected ffom CAL and map position (6). 

Although stochastic variation in the accumu- 
lation of substitutions will account for much of 
the variability in relative divergence, genes that 
hhave recombined more recently should have 
lower Ky values. To detect this footprint of re- 
combination, we rely on a mechanistic con- 
straint of bacterial gene exchange: Physically 


proximate genes will be transfered in the sime 
recombination events. As a result, carly~ and late- 
diverging genes will not be randomly distrib- 
tuted throughout the genome but will cluster in 
regions defined by the most recent intelineage 
‘exchange. Therefore, physical association among 
genes with Ky values higher or lower than ex 
pected can be taken as evidence for recombina- 
tion. The scale of recombination regions. was 
cestimatad from the correlation of relative diver- 
zzence values for pairs of orthologs (solid line in 
Fig. 2, inset), Adjacent genes showed a strong 
intraclass correlation [intraclass correlation co- 
efficient (ICC) = 24%, P< 10, F test} that 
decreased as pairs of orthologs became mone 
distantly situated on the chromosomal. back- 
‘bone, becoming undetectable when separated by 
more than 20 genes (~32 kb), These results ate 
‘consistent with the boundary of recombination 
interference observed for the rfb locus (20, 21), 
‘To remove any correlation in K, resulting from 
transcription-associated repair or selection for 
mRNA stability, we recalculated ICs, having 
‘excluded comparisons between consecutive 
genes transcribed in the same direction. Despite 
the decreased sample size, a significant comela- 
tion (ICC = 11%, P< 107, F test) extended to 
the same distance (dashed fine in Fig. 2, inset) 
‘Thus, genes within the Escherichia and Salmo- 
‘nella chromosomes. diverged at. significantly 
different times at different locations. 

Potential recombination events were delin- 
cated with an agglomerative clustering algorithm 
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Position on E. coli / S. enterica Backbone (hundreds of genes) 


Fig. 2. Time of divergence of chromosomal regions. Relative divergence for 
orthologs is plotted against E coli K12-MG1655 chromosomal position, 
averaged across a seven-gene window. Dark gray bars indicate divergence 
times of regions longer than six genes. Dashed lines delineate 95% of the 


and Salmonelia-specific loci are indicated at their corresponding location on 
the backbone in inverse and bold-faced type. (Inset) intraclass correlations 
of relative divergence for gene pairs as a function of distance. The solid line 
indicates all gene pairs, whereas the dotted line indicates gene pairs not 


range of divergence values. Shared loci are indicated in italics; Escherichia within runs of consecutive genes transcribed in the same direction, 
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Fig. 3. Relative divergence based on region char- 
acter. Bars show the mean relative divegence of 
sets of orthologs classified according to adjacency 
to loci that distinguish genomes; above the bars are 
the number of orthologs (top row) and the number 
of loci bottom row in parentheses). Dashed lines 
show the average value for the entire set. Error bars 
show 1 SE for the distribution of randomized 
samples. *, P< 0.01; ", P < 0.000001. 
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that minimized variability of relative divengence 
within clusters (/6); the algorithm terminated 
‘when the distribution of cluster sizes most 
closely reflected the magnitude of ICCs across 
segments of differing length. The most robust 
sezments (SE < 0.013; each longer than six 
genes, covering 49% of genes) appear as dark 
gray bars in Fig. 2. If Excherichia and Salmo- 
nella genes have been diverging for ~140 
million years on average (22), the distribution 
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of divergence times shows that genetic isola- 
tion developed over a period of ~70 My (re- 
ation between the dashed lines in Fig. 2). As 
expected, among the first regions to diverge 
‘were those containing genes producing sur- 
face structures, such as the rfa, 1fb, rff, Me. 
mip, and pho loci, which are often subject 
to frequency-dependent or diversifying selec- 
tion, Other carly-diverging regions are asso- 
ciated with differences in gene content, stich 
as those adjacent to (i) the Salmonella chi, 
‘pdu, std, and tet operons and (ii) the Eseh- 
erichia lac ana xdh operons (Fig. 2), most of 
which encode physiological functions that dis- 
tinguish the two species (23). In contrast, the 
regions flanking Salmonella Pathogenicity Is- 
lands 1 and 2 (SPI and SPI2) diverged more 
recently, suggesting that they did not promote 
the separation of Escherichia and Salmonella 
Even though relative divenzence was corrected 
for evolutionary rate, the major peaks in Fig. 2 
consistently represent clusters of genes with high 
CAI valucs. These slowly evolving regions may 
offer longer stretches of DNA with high simi- 
larity, thereby postponing the establishment of 
recombination aries. 

AS a control, we compared the genomes of 
Buchnera aphidicola strains APS and Sg. whose 
489 conserved protein-coding genes show 
divergence similar 10 those of Escherichia- 
Salmonella comparison. Buchnera are recA- 
deficient intracellular endosymbionts belicved to 
recombine rarely (24). We would expect lineage 
diversification to affect all loci simultaneously, 
‘and analysis of these genomes showed no 
significant comelation in relative divergence for 
adjacent genes (fig. S2). To control forthe lower 
sample size, we examined all regions of the 
Escherichia-Salmonella comparative backbone 


with equal gene numbers: these regions showed 
significant ICC values that were invariably 
stronger than the Buchnera ICC value, suggest- 
ing that the lack of comelation for Buchnera 
reflects lack of recombination, 

‘The fragmented speciation model (fig. S1B) 
predicts that genetic and ecological differentia- 
tion developed even as recombination continued 
at Joci not conferring ccological distinctiveness, 
Niche-specific tits often arise by gene gain or 
loss, where altered physiology allows cells 10 
thrive in conditions that are hostile to parental 
strains (25). If recombination between incipient 
Escherichia and Salmonella tineages, continued 
‘at some loci even after lineage-specifie loci had 
arisen, then shared regions around the line 
specific genes should have been among the frst 
to become genetically isolated, because recom 
‘bination in those regions would have eliminated 
the gene-content differences at those loci. Con- 
versely, ifthe differences in gene content devel- 
‘oped only after interlineage recombination had 
cffectively ceased, then these genes should be 
distributed without regard to the divergence time 
of the surrounding region. 

‘We defined a locus as a pair of genes in the 
Escherichia-Salmonella comparative backbone. 
There were 514 dynamic loci (685 genes; some 
genes contributed to 2 loci; table S2), at which @ 
pir of conserved genes was separated by at 
least one gene that had been gained or lost in 
‘any genome (/6); the remaining 2106 static loci 
showed no insertion or deletion events (white 
bars in Fig. 3). Genes at static loci have an 
‘average divergence time that is 4.4% younger 
than the average for the entire genome (P?< 10* 
bby randomization), which is likely because 
longer stretches of uninterruptible, slowly evol 
ing genes allow for continued recombination, 
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AA finetion of dynamic loci (178 loci, table S2) 
show species-specific differences, whereat the 
conserved gene pair was intemupted in the three 
strains of one species by genes absent from the 
three strains of the other species. These loci 
would include sites whereat differences arose 
While the Escherichia and Salmonella lincages 
were diverging, Other dynamic loci (eg. those 
where only a single strain shows a difference) 
‘would have arisen only afler recombination had 
effectively ceased between the two fineages. 
Genes adjacent to species-specific loci ane 6. 
oer than genes adjacent to other dynamic loci 
(P< 10 by randomization; gray bars in Fig. 3), 
thus, species-specific genes are not randomly 
distributed but are found preferentially in the 
older regions, indicating that the incipient 
Excherichia and Salmonella lineages continued 
{o participate in recombination at loci unlinked 
to Tineagespecific genes. 

In contrast to the rapid formation of eukary- 
otic species boundaries, the ~70-My time frame 
over which genetic isolation evolved between 
Excherichia and Salmonella represents a tempo- 
ral fragmentation of speciation, Because separate 
lineages arise within populations that continue 
to recombine at some loci for tens of millions 
of years, relationships among species inferred 
from few loci may underestimate their underly- 
ing complexity. Taxa may showw diffrent retation- 
ships depending on the genes compared. Long 


periods of partial genetic isolation allow extant, 
named species (such as E.coli) to contain mal 
tiple nascent species. Although one ean observe 
recombination at some genes within E.coli as a 
whole, stains also have niche-specific loci that 
‘may act as genetic progenitors for the creation 
of new species. That is, it may not possible to 
make a clear distinction between intraspecific 
and interspecific variability (26), and clearly 
defined species cannot represent newly formed 
lineages. Therefore, the species concept propose 
by Dykhuizca and Green [in which gene phy- 
ogenics are congruent among representatives 
of different species but are incongruent among 
members of the same species (5)] works 10 
delineate long-established species but fils 10 
recognize incipient species. 
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Video Ergo Sum: Manipulating Bodily 


Self-Consciousness 


Bigna Lenggenhager,? Tej Tadi,* Thomas Metzinger,? Olaf Blanke™** 


Humans normally experience the conscious self a5 localized within their bodily borders. This spatial 
tunity may break down in certain neurological conditions such as out-of-body experiences, leading 
toa striking disturbance of bodily self-consciousness. On the basis of these clinical data, we 
designed an experiment that uses conflicting visual-somatosensory input in virtual reality to disrupt 
the spatial unity between the self and the body. We found that during multisensory conflict, 
participants felt as if a virtual body seen in front of them was their own body and mislocalized 
themselves toward the virtual body, to a position outside their bodily borders. Our results indicate 
that spatial unity and bodily self-consciousness can be studied experimentally and are based on 
multisensory and cognitive processing of bodily information. 


ferent aspects of selFconsciousness at the 
fend of the 19th century, these aspects 
have been continuously refined and expanded, 


E& since William James categorized dif- 
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including many different sensory, emotional, 
o cognitive layers. This has led to an excess 
of definitions, in the absence of a widely ac- 
cepted model of self-consciousness that is 
based on empirical neurobiological data (J). 
More recent philosophical and neurological 
theories converge on the relevance of bodily 
self-consciousness (i., the nonconceptual and 
Prereflective processing and representation of 
body-related information) as one promising ap- 
proach forthe development of a comprehensive 
neurobiological model of self-consciousness 
us). 


We investigated bodily. self-consciousness 
‘experimentally, and we now describe an illusion 
during which healthy participants experienced a 
viral body as if it were their own and localized 
their “selves” outside of their body borders at a 
different position in space. We modified the s0- 
called *rubberchand illusion” (RHD, during 
which synchronous stroking of seen fake hand 
‘and one’s own unseen hand causes the fake 
hhand to be attributed to one’s body (to “feel like 
it is my hand”; misattribution). Under such con- 
ditions of multisensory conflict, vision typically 
dominates over proprioception and touch (5). 
Several studies have demonstrated that the RHI 
also induces a mislocalization of one's hand 
toward the fake hand, which is offen referred to 
as “proprioceptive drift” (6-8), Brain-imaging 
studies associated the RHI mainly with the 
activation of the multisensory premotor cortex, 
posterior parietal areas (7), and right posterior 
insula (9); these areas have also been implicated 
in the integration of visual and somatosensory 
signals in nonhuman primates (70). These ex- 
perimental findings corroborate ancedotal clin- 
ical data in neurological patients. with 
tempore-parictal damage leading to somatopara- 
phrenia, during which patients misattribute 
their own hand or foot as belonging to another 
person (//), The data on the RHI shows that 
important subglobal aspects of bodily experi- 
‘ence, such as selF-atribution and selFlocalization 
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of body parts, can be manipulated experimen- 
tally (12). 

Yet, the fundamental sense of selfhood 
(2, 13, 14) that is associated with bodily self- 
consciousness (but not with cognitive or 
emotional layers of sclf-consciousness) is 
experienced as the transparent content of a 
single, coherent whole-body representation, 
rather than as multiple representations of sepa- 
rate body parts, Accondingly, the latter have 
been referred to as the sense of body-part 
ownership, whereas whok-body representations 
or global ownership are directly associated with 
the sense of selthood (2), Studies on the RHI 
and somatoparaphrenia thus investigated only 
body-part ownership or the attribution and 


localization of a body part with respect to the 
slobal bodily self ic. a partto-whole relation- 
ship. Thus, these studies did not experimentally 
manipulate selfhood per se 


‘To manipulate attribution and localization of 


the entire body and to study selthood, we de- 
signed an experiment based on clinical data in 
neurological patients with out-of-body experi- 
cnces. These data suggest that the spatial unity 
between self and body may be disrupted (5-17), 
leading in some cases to the striking experienc 
that the global self is localized at an extra- 
corporeal position (5, 17), The aim of the 
present experiments was to induce out-ol-body 
experiences in healthy participants to investigate 
selthood. We hypothesized that, under adequate 


fs 


2 


1 Body 


Fig. 1. (A) Participant (dark blue trousers) sees through a HID his own virtual body (ight blue trousers) 
in 3D, standing 2 m in front of him and being stroked synchronously or asynchronously at the 
participant’s back. n other conditions (study 1D, the participant sees either (B) a virtual fake body (light 
red trousers) or (C) a virtual noncorporeal object (light gray) being stroked synchronously or 
asynchronously at the back. Dark colors indicate the actual location of the physical body or objec, 
Whereas light colors represent the virtual body or object seen on the HMD. [llustration by M. Boyer! 
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experimental conditions, participants would ex- 
perience a visually presented body as if it were 
their own, inducing a drift of the subject 
experienced bodily self to a position outside 
‘one’s bodily borders. Evidence for this conjecture 
stems not just from out-of-body experiences, but 
also from early anecdotal mirror-induced whole- 
body illusions (/8) and the phenomenon of 
“presence” in virual-eality environments (/9, 20), 

We applied virtual realty to examine the pos- 
sible induction of out-of-body experiences by 
using multisensory conflict. In the first experi- 
nt, participants viewed the backs of their bodies 
filmed from a distance of? mand projected onto 
4 three-dimensional (3D)-video head-mounted 
display (HMD) (Fig, 1A). ‘The participants’ 
backs were stroked for 1 min, cither synchro~ 
nously or asynchronously with respect to the 
virtually scen body. Global selF-atribution of the 
Virtual character was measured by a question- 
naire that was adapted from the RHI (6). Global 
self-localization was measured by passively 
displacing the blind-folded participants immedi 
ately after the stroking and asking them to retum 
to their inital position (27), 

As predicted, participants showed a drift 
toward the virtual body (anterior-posterior axis) 
in the synchronous condition [24.1 + 9.0 em 
{anean = SEM)]. This position differed signifi- 
‘cantly from the initial position (P = 0.02, 
Student's 1 test = 2.67) (2/). In the asynchronous 
‘condition, the drift was smaller (12. = 8.5 em) 
and no longer significant (P = 0.17, ¢ = 148) 
(Fig. 2A). No significant drift was measured 
along the letlto-right axis (fig. S1). Global 
illusory. self-localization was corroborated by 
high-selF-attribution scores on the three relevant 
‘questionnaire items (QI to Q3) (27) also show- 
ing significant differences between synchronous 
and asynchronous all P values < 
0.001) (Fig. 2B). 
feclings of “weirdness 
some found the experiment iti rhe 
participants reported sensations of overt disem- 
bodiment ora change in visuospatial perspective. 

In a sccond study, we examined whether this 
illusion depends on cognitive knowledge about 
bodies and whether the drift toward the virtual 
body was not due to a general motor bins to 
‘overshoot the target position. With the use of a 
constant time delay in asynchronous conditions, 
we either presented the participant's own body 
(as in study 1) (Fig. 1A), a fike body (Fig. 1B), 
‘or an object (Fig. 1C) being stroked synchro- 
nowsly or nol. Compared to a motor-controt 
‘condition {no visual scene was shown (2/)}, we 
found a significant drift toward the virtual own 
body (P= 0.02, 1= 2.78) and the fake body (P” 
0.01, = 3.02) (2/). This drift was weaker and 
no longer significant in the ease with a non- 
corporeal object (P= 0,07, 1 = 1.95) and 
when the stroking was asynchronous (all P 
values > 0.11) (Fig. 3), There was no drift in 
further control conditions or for the left-to-right 
axis (21), Yet, selfattribution differed between 
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the bodily conditions and the object condition. 
The first two questions of the questionnaire (QI 
sand Q2) were answered positively in all of the 
synchronous conditions (own body, fake body, 
and object) and were significantly diferent and 
answered negatively in the asynchronous con- 
ditions (P < 0.01, 1 > 2.56). However, the third 
question (Q3: “It felt as if the virtual character 
‘was my body”) led to different results. Whereas 
in both bodily conditions (own body and fake 
body) the result was the same as in QI and Q2 
(P< 005, ¢ > 2.40), this was not the ease in the 
object condition where participants gave negative 
scores in the synchronous condition, revealing no 
significant difference between synchronous and 
asynchronous stroking (P > 0.05, ¢= 1.55) (fig 
$2), This suggests that Q3 is important to 
evaluate selfidentification with virtual bodily 
‘and nonbodily characters, whereas the first two 
questions seem more related to the feeling and 
Jocation of touch. 

With the use of virtual realty and mahisen- 
sory conflict, we induced an illusion that makes 
it possible to quantify selfhood by manipulating 
attribution and localization of the entire body 
Our results show that humans systematically 
expe virtual body as if it were their own 
‘when visually presented in their anterior extra- 
onal space and stroked! synchronously. This 
‘was coroborated by the participants’ 
alization of their own bodies to a position 
outside their bodies, showing that selEattribution 
‘and localization of the entire body rely, at least 
partly, on similar visual-somatosensory integra 
tive mechanisms to those of body parts (6-8) 
Although rescarch of visual-somatosensory inte- 
aration has mostly investigated directly visible 
body parts, comparable interactions have also 
been found for body parts that humans cannot see 
dlinvetly, such as the back (22). The overall pattern 
of the data from studies [and II suggests that, 
under appropriate conditions of multisensory 
conflict between visual signals conveying infor- 
‘mation about a virtual body (on a HMD) and 
tactile, proprioceptive, and vestibular signals con- 
veying infomation from the participant's body, 
visual capture is still present. There were also 
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differences between both studies. Asynchrony in 
study II was more predictable (27), and the relation 
between felt and seen events might have been 
perceived as stronger, keading to langer drifts in the 
asynchronous conditions in study Il. This might 
have led to the diminished effect of synchrony on 
the drift in the own-body condition, which is 
compatible with higher questionnaire scores for 
the asynchronous conditions from study I as 
‘compared with those from study I (QI 10 Q3) Fig. 
2C and fig. S2A)(2/). 

By manipulating visual input in the RHI, 
controversial data have been reported concem- 
ing the influence of cognitive constraints on 
mulisensory integration, selFlocalization, and 
selfattibution. Whereas some authors argue 
that multisensory comelation is a sufficient con- 
dition for self-atribution (23), others argue for 
additional cognitive constraints in terms of 
higher-level knowledge about the body (8). We 
found evidence for higher-level knowledge by 
revealing in study Il a weaker drift toward the 
object as compared with the fake-body condi- 
tion, as well asa selective effect of synchrony in 
the fake-body condition. Because the fake-body 
and object conditions are completely compara- 
bble conceming the experimental setup (2/), and 
given the pattem of results, we suggest that in 
onder to investigate the influence of cognitive 
knowledge on self-localization, the comparison 
between the fake-body and object conditions is 
‘more relevant than that between the own-body 
and object conditions. These effects on illusory 
selEocalization were corroborated by’ illusory 
selfattribution. When asked whether it felt as if 
the virtual character or object was their body 
(Q3), participants seléidentified with both bodily 
stimuli but not with the object during synchronous 
stroking. Collectively, these findings speak in 
favor of bottom-up mechanisms as well as cog- 
nitive constraint (8), rejecting a pure Bayesian ae- 
‘count (23) for selfattribution and selflocalization 
of the entire body 

Ihusory self-localization 10 a position outside 
‘one’s body shows that bodily selfconsciousness 
and selthood can be dissociated from one's 
physical boxy position. This finding differ from 
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Fig. 2. (A) Drift measured in centimeters mean + SEM (error barsil in the synchronous (black) and. 
asynchronous stroking conditions (gray) on the posteior-anterior axis. Participants showed a significantly 
stronger drift in the direction ofthe virtual body in the synchronous condition. “P< 0.05. (B) Score (mean = 
SEM) on the “self-attribution questionnaire” as adapted from (6). "P< 0.01. 
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the RHI, in which this aspect of selthood 
remained constant and only the tribution and 
localization of the stimulated hand was manipu- 
lated. Does illusory sel-localization to a position 
‘outside one’s body mean that we have experimen- 
tally induced fal-blown out-of body experiences? 
Outofbody experiences are characterized by a 
disembodiment of the self to an extracorporeal 
location, an extracorporeal visuospatial perspec- 
tive, and the sight of one's own body fiom this 
selflocation, Because the present illusion was 
neither associated with overt disembodiment nor 
with a change in visuospatial perspective, we 
“argue that we have induced only some aspects of 
‘out-of-body experiences or rather the closely 
related experience of heautoscopy that has also 
been observed in neurological patients (/5-17) 
During heautoscopy, patients either constantly or 
intermittently experience as if they were so 
from and were localized at the position of an 
illusory body, their physical body, oF at an 
intermediate position (/5, 24). Such patients may 
also sce themselves from behind (17) and often 
‘demi with the illusory body and partly transfer 
selthood tothe illusory body, even if visual bodily 
detail is lacking (17), Yet, they never report the 
‘overt disembodiment that isthe most characteristic 
{ature of outof-bexly experiences (25, 26), Be- 
‘cause our healthy participants. did not report 
{clings of oven disembodiment, the present data 
suggest that other mechanisms in addition to 
conflicting visual-somatosensory information, 
such as visual-vestibular disintegration, are 
involved in generating full-blown out-of-body 
experiences and a more complete transfer of 
selthood t0 an illusory body, These findings a 
‘compatible with clinical data (/3, 17), Damage to 
‘or electrical stimulation of the temporo-parictal 
junction may lead to out-of-body experiences 
and heautoscopy (15, 27), and healthy part 
pants activate the same region when emplo 
‘extracorporeal self-locations in mental imagery 
(28, 29), Although other important aspects of 
self-consciousness are likely to involve addition- 
al brain areas such as the amygdala and the right, 
frontal cortex (3) as well as multisensory areas in 
premotor and parictal cortices [representing both 
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Fig. 3. Drift measured in centimeters, relative to 
the pure motor-control condition [mean + SEM 
(error bars)] in the synchronous (black) and 
asynchronous stroking conditions (gray) for the 
different experiments: own body, object, and fake 
body. Only posterior-anterior drift is shown, *P < 
0.05, "P< 0.01. 
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MICROARRAY 
TECHNOLOGIES: 
BENCH TO BEDSIDE 


DNA microarray technology has matured to the point where some applications 
are deemed reliable enough for use in patient care. At the same time, microarrays 
are evolving to help expand the understanding of transcriptome complexity 
single nucleotide polymorphisms, copy number variation, CpG methylations, 
microRNAs —so many genetic and epigenetic variations and a slew of microarrays 
to investigate each one. Furthermore, newer DNA sequencing technologies now 
threaten to do to microarray technology what automobiles did to the horse 
nd buggy. For now, however, the two approaches appear to coexist happily, 
nd microarrays remain a perfectly reasonable way to get around the genome. 
By Emma Hitt 


he firstreport on microarray technology appearedin Science barely more than 
a decade ago, and since its inception, microarray technology has been 
burdened with issues of reproducibility and standardization, Recently, 
however, the technology has received a vote of confidence in the form of 
US Food and Drug Administration approval, laying the groundwork for 
its broader application in a clinical setting. The newly approved test, the 
MammaPrint assay, was developed by Agendia in the Netherlands and 
measures the expression of 70 genes that predict the likelihood of breast 
cancer metastasis. Several such tests have already received the “CE mark” for 
clinical use in Europe, and a handful of tests that analyze DNA polymorphisms 
(as opposed to gene expression) have been available clinically in the United 
States since 2004, when Roche's AmpliChip CYP450 assay became the first to 
receive approval. 
As is the case for most biological paradigms, ire transcriptome wi 
a given cell has turned out to be much more complicated than ever imagined. As 
a result, tools to study epigenetic variations and other regulatory mechanisms 
within the cell have proliferated. Microarrays can now measure changes in gene 
copy number (copy number variation, CNV), changes in the expression levels of 
microRNAs (miRNAs), contributions from gene splice variants, and changes in 
methylation patterns. “There are really a plethora of new assay types, and each of 
these is complementary to one another and informs from a different perspective,” 
notes Kevin Meldrum, director of genomics marketing for Agilent. 


DNA Sequencing Technologies 

Perhaps one of the most exciting new developments in the microarray field is one 
that—paradoxically—may render the technology obsolete. DNA sequencing—the 
remarkably robust kind that has allowed a pioneer like James Watson to obtain 
his personal genome sequence on a DVD in about two months—is becoming the 
five-lane superhighway of genomic analysis. A 454 Life Sciences (now a part of 
Roche Diagnostics) sequencer was used to complete Watson's analysis, but several 
other companies now have their own sequencing approaches including Illumina’ 
Solexa technology, Applied Biosystems’ SOLID System, Helicos BioSciences’ 
True Single Molecule Sequencing (SMS), and others. 

“An interesting paradigm shift is taking place,” says Steve Lombardi, chief 
operating officer and executive vice president with Helicos BioSciences. “You 
can do virtually any genetic analysis with sequencing technology —ranging from 
quantification of DNA, RNA, or cDNA, to measuring copy number variation and 
methylation,” he says. “Microarrays, which require probes with known sequences, 
have limitations that simply do not exist with sequencing technology.” 


There are really a plethora of 


new assay types, and each of these 
is complementary to one another and 


informs from a different perspective. 
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“What this massively parallel 
approach to sequencing allows us 
to do is to generate about a 
hundred-fold more data for about 
1 percent of the cost of 

current technology.” 


to Lombardi, True Single Molecule Sequencing has the 
advantage of a simple sample preparation process that does not 
Fequire amplification, and the image processing software and 
informatics will be open source allowing users to innovate. 

‘A popular application of sequencing technology is to replace 
classic microarray chromatin immunoprecipitation (ChiP)-chip 
analyses. Microarrays to measure protein binding to DNA surfaced 
about five years agoand involve the placement ofimmunoprecipitated 
DNA fragments as probes on a DNA microarray. There is a wide 
range of products from Agilent, Affymetrix, Illumina, Aviva Systems 
Nimblegen Systems, and others for this purpose. With 
sequencing technology, the whole process becomes scaled up and 
digitized, First, binding proteins are cross-linked in place to DNA, the 

in is isolated and fragmented, a protein-specific antibody 
is added, and the protein-DNA complexes are purified, The binding 
proteins are then chemically removed, and the remaining DNA is 
isolated. The DNA strands are then size selected, a process that 
isolates short sequences of, say, 25 bases—millions and millions 
of them. Finally, binding sequences are identified by virtue of 
the fact that their sequences are enriched several-fold relative to 
other sequences, 

“What this massively parallel approach to sequencing allows 
Us to do is to generate about a hundred-fold more data for about 
1 percent of the cost of current technology.” notes Omead Ostadan 
vice president of marketing with Illumina. Some proponents suggest 
that the sequencing approach will ultimately replace microarrays. 
“Microarrays are most popular for performing gene expression 
and genotyping applications, and in some cases, for sequencing 
applications such as ChIP-chip analysis. Over time some of these 
applications may migrate over to a sequencing platform because of 
the added power and quality you get from sequencing. However, we 
see these two approaches as complementary, offering researchers 
the broadest solutions for studies," says Todd Dickinson, director of 
product marketing at iumina, 

It may not be prudent to throw out the array chips just yet, 
however. “Sequencing technology is young, and issues regarding cost 
and ease of use still need to be worked out,” notes Steven Bodovitz, 
an industry analyst with BioPerspectives. “Nonetheless, sequencing 
certainly more comprehensive than microarray technology, and 
getting a sequence without knowing what you are looking for ahead 
of time is a big advantage," he says. “It will be interesting to see how 
the two approaches play out—the technologies are likely to both 
complement and compete with one another.” 

Still, microarrays remain ideally suited for experiments that 
Fequire analysis of large numbers of samples against known 
sequences—and will likely remain the predominant approach in 
diagnostic applications. “Not all companies are jumping on board 
with the sequencing approach,” says Bodovitz. 


Optimizing Arrays 
Of late, developments in gene expression arrays have focused on 
optimizing coverage of the entire human genome, which includes 
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well over 30,000 genes, processed into hundreds of thousands 
of different variations. Newer arrays are aiming to capture that 
variability. Affymetrix’s GeneChip Human Gene 1.0 ST Array released 
this year measures the overall expression of alltranscripts derived from 
a gene, in contrast to traditional arrays that measure only the 3° end 
ofa gene. “More than 60 percent of human genes undergo alternative 
splicing, resulting in multiple transcript variants with potentially 
distinct functions,” says Yan Zhang, associate director of product 
marketing with Affymetrix. Each of 28,869 genes is represented onthe 
array by approximately 26 probes per gene directed at the full length 
ofthe gene. “We estimate that the accuracy is greater compared with 
the previous generation's 3° approach, and the format is smaller, 
which reduces cost without reducing content,” Zhang says. 

Mumina’s whole-genome expression arrays employ the BeadArray 
technology, which uses 5o-mer oligos attached to 3 ym beads, 
allowing six or eight samples to be profiled per BeadChip 
simultaneously. This multisample approach provides increased 
throughput and decreased cost per sample. Also allowing for higher 
throughput and lower costs, Nimblegen's Human Whole Genome 
Expression Microarrays include 60-mer oligo probes for all human 
‘genes, eight per gene, including 47,633 different targets, and Agilent 
has a whole human genome chip containing 60-mer oligonucleotide 
probes arranged as microarrays in the format of 1 x 244K, 2 x 105K, 
4 x44K, of 8x 15K on individual glass slides, 


Microarray Manufacture 

Arrays can be loosely classified into ready-made versions and custom 
“home-brew” forms that contain DNA spotted onto slides. Custom 
microarrays are fabricated largely by pin-based direct deposition 
printers. 

UK-based company Arrayjet recently launched its benchtop Sprint 
Inkjet Microarrayer. The new machine can handle 20 microarray 
slides and allows printing from two microtiter plates (96- or 384-well) 
simultaneously. 

“Due to their contact with the surface, pin printers can have 
problems with speed, quality, and reproducibility.” notes Howard 
‘Manning, Arrayjet founder and technical director. “With the ink 
jet approach, the Jetspyder enables the inkjet print head to draw 
in multiple samples before arraying spots are printed on the slide 
without the print head stopping and without making contact,” says 
‘Manning. Another advantage of inkjet printing is that spotting pins 
may damage some of the newer substrates used for arrays, such as 
‘membrane-coated substrates and hydrogels. 

The processes utilized to manufacture arrays are also being 
enhanced. “Updates to the Agilent SurePrint technology were 
implemented last year,” Meldrum said, “enabling us to manufacture 
arrays with up to 244,000 unique features. We have also improved 
the efficiency of the nucleic acid synthesis process, signficantly 
reducing depurination side reactions.” Nanogen NanoChip arrays 
use a proprietary technology consisting of individually controllable 
microelectrodes that, when positively charged, can attract negatively 
. “The use of electronics to drive 
18 from 
says Nanogen's Elaine 


spotting small volumes onto a surface,” 
Weidenhammer. “Consequently, the Nanogen system is subject to 
{ess variability than some other formats,” she claims. 


SNPs and CNV 

A recent publication from The ENCyclopedia OF DNA Elements 
(ENCODE), an international research consortium organized by the 
National Human Genome Research Institute (NHGRI) indicates 
that the DNA-makes-RNA-makes-protein paradigm is too simplistic 
and that 99 percent of the genome is not, in fact, junk. continued » 
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Gene transcripts appear to overlap, and genes, regulatory elements, 
and other types of DNA sequences interact as a network in a 
nonlinear fashion. New technologies are now evolving to define this, 
complex variability. 

This year, Affymetrix introduced the Genome-Wide Human 
SNP Array 6.0, which includes about 1.8 million markers that can 
be used to detect genetic variation in whole-genome association 
studies. Specifically, the newest SNP Array 6.0 contains 906,600 
single nucleotide polymorphisms (SNPs) and about 946,000 
nonpolymorphic probes that “will aim to detect CNVs in both known 
and unknown regions.” says Jessica Tonani, Genotyping Specialist 
with Affymetrix. “The array tiles known CNVs very heavily, with an 
average of about 61 probes per known CNV region. For the remainder 
of the genome we have tiled probes at a resolution of about a probe 
every 700 bases.” 

“Our overall hope is to identify the part of the genome that has 
previously been considered a ‘genomic wasteland,” or junk DNA, but 
may in fact be involved in regulating gene expression,” she says, 
“although we are reaching a point where there is more to be gained 
by studying more samples as opposed to putting more SNPs on 
an array.” 

Newest to lllumina’s Infinium portfolio is the Human 1M BeadChip, 
which provides expanded genomic coverage for whole-genome 
association studies. This chip adds several hundred thousand 
individually selected SNPs in genes and functional areas as well 
as CNV content not available on any other platform, according to 
lumina, Tag SNPS represent a group of SNPs that tend to be inherited 
together. “By targeting tag SNPs, we can vastly increase the power of, 
the study by looking at the genotype of one SNP, which effectively 
represents the genotype of many.” Dickinson says. “The power of 
this array is increased dramatically because of this coverage and has 
reduced costs for researchers conducting genome-wide association 
studies,” he adds. “For example. in 2000, genotyping a single SNP 


Featured Participants 
‘Affymetrix Mlumina 
swwvaffymetrix.com wwillumina.com 
Agendia Kreatech Biotechnology 
www.agendia.com www.kreatech.com: 
Agilent MicroArray Quality Control 
‘wwewagitent.com (maga 
v.ida.gov/nctr/science/ 
Almac Diagnostics ws 
wwwalmacgroup.com/ diagnostics: Santacs emicolokcematics! wane: 
Minimal Information about 
Applied Biosystems: 
ww.appliedbiosystems.com pikrcereay Experian MANE) 
www.mged.org/Workgroups/ 
Arrayjet Ltd. MIAME/miame.htmt 
wwnnwarrayjet.co.uk 
Nanogen 
‘Aviva Systems Biology ‘wywnanogen.com 
: 9 
www.avivasysbio.com Nim i = 
BioMerieux wweuimblegen.com 
ww.biomerieux.com maine 
BioPerspectives www.pathworkdx.com 
www.bioperspectives.com 
wwnbioperspectives. Teka 
Helicos BioSciences Corporation wnweroche.com 
www.helicosbio.com Veridex 
h wonmveridex.com 
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cost $1 or more. Today, the cost is less than $0.001 per SNP.” 
Regulatory miRNA 
MIRNAS have recently been shown to play an important role in 
regulating gene expression. Over 500 human miRNAS have already 
been identified and validated, and are thought to regulate about one- 
third ofall human genes. Several companies now make kits forlabeling 
and detection of miRNAS utilizing array platforms. Agilent recently 
introduced its miRNA assay which uses a direct labeling protocol on 
as litle a5 100 ng of total RNA. “Because miRNAs are typically 25-30 
nucleotides in length and have high sequence homology, utilization 
‘of conventional probe design methods results in significant cross- 
hybridization of RNAs within the sample,” notes Agilent’s Meldrum, 
“but we have developed novel probe design algorithms that enable 
us to achieve extremely high specificity for each unique sequence.” 
Kreatech Biotechnology in the Netherlands recently introduced 
its miRacULS II Kit labeling technology, which uses a nonenzymatic 
labeling reaction independent of fragment size. The kit enables 
isolation and labeling of miRNAs from samples of less than 105 cells 
‘or 5 mg tissue as well as samples with a low miRNA expression level. 


Ready for Prime Time? 
Efforts are ongoing to standardize data input and reporting of 
microarray experimental data. Minimal Information about Microarray 
Experiment (MAIME) standards for microarray experiments have 
been put in place to define the minimal amount of information 
needed to interpret and reproduce a microarray experiment, 

The first phase of the MicroArray Quality Control (MAQC) project, 
with participants from academia, government, and industry, recently 
concluded that results mostly were reproducible among labs; the 
second phase of the MAQC is under way and will try to establish 
the applicability of microarray data to clinical settings, with results 
‘expected in about a year. “When moving something from the bench 
to medical practice, there is an absolute requirement that the 
consistency of the performance of the test system can be guaranteed 
in different people's hands,” says Uwe Scherf, with the FDA’s Center 
for Devices and Radiological Health. “The MAQC studies were 
‘one of the first indications that microarrays could be suitable for 
medical evaluation.” 

The External RNA Controls Consortium (ERCC), established in 
2003, is developing a set of external RNA spike-in controls for use in 
all microarray platforms and quantitative polymerase chain reaction 
(PCR) assays. if successful, this will allow a reliable comparison 
‘of expression profiling among more than 10 microarray and 
PCR platforms, 

According to Affymetrix, at least 20 diagnostic tests are being, 
developed for use on its platform—mostly expression-based tests 
evaluating tumors —and they are partnering with several companies, 
including Roche, Almac Diagnostics, Veridex, BioMerieux, and 
Pathwork Diagnostics, for the development of molecular diagnostic 
tests that use its platform. VeraCode, a new technology introduced by 
lumina earlier this year, is available for researchers conducting low- 
‘and midplex biomarker validation studies. Using digital holographic 
codes embedded in cylindrical glass beads, VeraCode allows for 
efficient and cost-effective screening of hundreds to thousands of 
samples against panels of one to 384 biomarkers. 

“It will be important to develop tools that can be utilized to 
‘analyze data sets for different applications and start to merge that 
information together,” Agilent’s Meldrum says. “Within the next 
few years the field is going to go from one-dimensional [e.g., gene 
expression profiling] to a multidimensional view, offering a richer 
picture of what's really happening in the cell.” 


www.sciencemag.org/ products 


‘Emma Hitt sa freelance medical and science writer living in Marietta, Georgia, 
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Multiplexed Assay System 

The BeadXpress System is a high throughput, dual color laser detection 
system that enables scanning of a broad range of multiplexed assays 
developed using the VeraCode digital microbead technology. VeraCode 
technology features uniquely inscribed digital microbeads that provide 
high-quality data, broad multiplexing capability, and assay flexibility. 
The instrument scans the VeraCode microbeads for their code and 
fluorescent signals, generating data quickly and efficiently. Using the 
system, researchers can assay tens to hundreds of analytes in a single 
sample at one time, Application areas include biomarker research and 
validation, pharmaceutical development, industrial testing, agriculture, 
clinical research, and the development of molecular diagnostic assays. For 
‘example, BeadXpress technology canbe used to develop screening assays 
that profile inherited and complex diseases. Drug discovery researchers 
‘an use it to validate RNA and protein biomarkers. Genetic researchers 
‘canuse it to replicate single nucleotide polymorphism studies from large 
disease association studies to their own populations, for example, quickly 
retesting the top 50 or 100 polymorphisms in very large sample sizes. 
The system can scan assays ranging from a single-plex to 384-plex in 
single well. 


DNA Methylation Arrays 

‘NimbleGen DNA methylation analysis arrays allow researchers to rapidly 
identify methylated regions in a high throughput manner. These arrays 
can be used to correlate promoter and genic methylation with gene 
expression and phenotype and detect differential ONA methylation 
between normal tissues and tumor samples as potential diagnostic and 
prognostic markers. Whole-genome DNA methylation arrays are available 
for human, mouse, rat, dog, and chicken genomes, tiling at an average 
probe spacing of 100 bp to provide an unbiased approach to DNA 
‘methylation analysis. These arrays survey not only regions surrounding 
known genes but also intergenic regions, allowing distal regulatory 
elements to be surveyed and providing the maximum opportunity to 
discover relevant biomarkers. For studies focusing on promoter regions, 
fone: and tworarray sets are available for surveying promoter regions of 
all known genes inhuman, mouse, rat, and Arabidopsis. 

NimbleGon Systems 

For information 608-218-7623 

wwownimblegen.com 


Network Analysis Tools 

The integration of Oncomine Professional and Ingenuity Pathways 
Analysis (IPA) will allow users to navigate directly from cancer gene 
signatures discovered in Oncomine Professional to the curated pathway 
information available from IPA. Oncomine Professional sa rapidly growing 
compendium of transcriptome profiles coupled with analysis functions 
and a web application for data mining and visualization, Comprised of 
thousands of profiles representing every major type of cancer, Oncomine 
Professional was developed to exploit these data for therapeutic target 
discovery, validation, and prioritization. IPA is software that enables 
biologists and bioinformaticians to identify the biological mechanisms, 
pathways, and functions most relevant to their experimental datasets or 
‘genes of interest. The integrated workflow based on IPA’s capabilities for 
rapid and reliable biological interpretations of Oncomine’s high-quality 
cancer transcriptome profiles is expected to provide a powerful tool for 
“oncology researchers focused on understanding mechanisms of disease, 
and on the discovery and validation of cancer biomarkers. 

Compendia Bioscience and Ingenuity Systems 

For information 650-381-5150 


www.compendiabio.com and www.ingenuity.com 


Human Genomewide SpliceArray 

The Splicedrray provides a unique approach to detecting all known 
and novel expressed transcripts. The Human GW SpliceArray monitors 
‘more than 23,000 human genes covering more than 130,000 expressed 
transcripts and requires more than 6 million probes to help elucidate 
the enormous diversity of the human proteome. This new design, 
manufactured on the Affymetrix platform, provides researchers the 
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Alumina 
For information 312-997-2436 
wwewillumina.com 


‘opportunity to obtain gene expression results at a resolution previously 
unattainable on a single microarray by interrogating both exons and 
splice junctions, 

Exontit Therapeutics 

For information +33 15805 47 00 

wwewexonhit.com 


Dynamic Light Scattering Instrument 

The DynaPro Plate Reader is a temperature controlled, high throughput 
dynamic light scattering (DLS) plate reader. It allows researchers to 
perform classical thermal DLS studies automatically on a large number 
‘of therapeutic macromolecules over a wide range of solution conditions. 
Conventional DLS studies are laborious and time consuming, with each 
solution condition studied manually, one at a time, over several hours. 
In contrast, the DynaPro controls the temperature for hundreds of 
samples simultaneously, capturing DLS data quickly, easly, and directly 
from standard microplates (96-well, 384-well, and 1,536-well formats) 
‘without perturbing precious samples. As litle as 5 pl of sample per well 
is required in the 1,536well format. The instrument includes an array of 
state-of-the-art technologies, including software controlled, Peltier-based 
temperature systems; compact digital attenuators; precision mechanical 
‘stages; proprietary multimode optical fibers; and novel software control 
and processing algorithms. 

Wyatt Technology 

For information 805-681-9009 

wwvewyatt.com 


Microarray Data Analysis 

TMA Foresight is a statistical tool for tissue microarray data analysis. 
Users can explore the relatedness of prognostic marker expression 
and clinicopathological variates with the outcome. Cox's Proportional 
Hazard analysis can be used for prognostic marker identification. 
rarchical clustering can be used to group patients on the basis of 
clinicopathological parameters and biomarkers, Kaplan-Meier plots and 
log-rank tests are used to identify prognostically significant clusters. 
Premier Biosoft International 

For information 650-856-2703 


‘even premierbiosoft.com 


Correction 

Life Science Technotogies Feature: 

Cell Signaling: Phosporylation, Kinases, and Kinase Inhibitors” 
(April 2007, p. 125). The trademark forthe homogeneous time resolved 
Muorescence (HTRA) technology was incorrectly attributed to Milipore 
‘Corporation. The HTRF trademark is held by Cisbio Intemational of 
Gif sur-Wette, France. 


wowrwsciencemag.org/products 
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‘ASSISTANT/ASSOCIATE PROFESSOR 
Pharmacology 

Applications are invited for a tenure-track po: 
sition at the Asistan/Associte Professor level 
Applicants should have a Ph.D. of equivalent de 
Beco piace oka eset eal 
ativity.. Applicants are sought with demonstrated 
ferarch perc, teduaeg bus ot fened oo mr 
Iecular and cellular biology, genomics, ransgenesis 
and gene targeting, receptor signal transduction 
mechanisms, and proteomics. The successful candi 
date will be expected to participate in graduate and 
‘medical student teaching and to develep a strong, 
independent rescarch program. He or she will jon 
fan interactive faculty with rescarch interests in 
imelecuar blogg of on channels, buochemisty, Wor 
physics, and molecular biology of cardiac, smooth 
nd skeletal muscle cells, and cellular and molecular 
spect: of ncuropharmacology (website: heep:// 
‘www .unr.edu/med/dept/Pharmacology /index. 
them). The Department consists of fifteen active fa 
uty: members, ranks in the top 30th percentile of 
NIH awands to U.S. medical school pharmacology 
departments, and ako rcecives generous. support 
from the Department of Deters. Opportunitics exist 
for a varity of collaborative interactions through: 
‘out the Unnensty inckading posable adginct appoant 
ment in the intenfscpinary Center of Biomedical 
Rescarch Exexllence, Competitive slarics, startup, 
and state-of the-art instrumentation and facilis are 
false. In addition to partiiputing in our growing 
Medical School, nonthcm Nevada ao offen. great 
natural beauty, with Lake Tahoe a short drive away, 
the Truckee River offering kayaking and fishing, and 
‘our beaubfl mountainous high dosrt environment 
Reno ako has wonderful cultural activi, ich 
ing our own symphony, chamber orchestra, opera, and 
rich community theatre offeangs. The State of Ne 
‘ada as no state income tas. Reviw of applications 
‘il bn Octet 1, 207, and wl ons une 
‘the ponition iy fled” Vis 'website:, http://www. 
tinea. oan applicants /Conalgakcands 82473 
for complete position announcement and require 
ments and to apply online. Afionanre Aain/ Eu Ene 
[omment Oppornnty Wien aul undermined gy 
so 18 


ASSISTANT PROFESSOR 
The Departmest of Blologial Sciences at the 
State Univenity of New York at Cortnd sccks ap 
plications Yor atemare tack Asssant Professor stat 
{ag August 2008. Requirements incade 2 Ph.D, 
cmonstrated schol’ productnviy, and teaching 
capericnce, The Departeat welouacs all quaifed 
icant bet is especially Inscresid in those whose 
Specialization Is in ncurcbiology, imemnology, 
ctnology, or other areas of animal py 
Teaching rsponabliis inclode anatomy and pyr 
iology, mammalian physiology, and an upper kevel 
‘oune in the candies area of expertise” The wx 
‘eu candidate willbe committed to excellence in 
teaching, develop an active nsearch programa inva 
ing undergraduate, seck extemal funding, and con 
{ture to our major in biomedical slenec 
For cnaklcration, apply online at webb: baxp:// 
-cordand.edu/applicants ickFind 
1306 snd attach 3 letter of sppicstion, curriculum 
‘iti, sind the names, adrewicy and telephone nusy 
bers of duce protssond references In adiion, 
please mail hand copies of tatements of teaching and 
Fesarch interes, three Tete of feference, and 
ttooficia tarscrpes tor De- Louis A. Gatto, Chale, 
‘of Biological Sciences, State Univer: 
sity of New York Cortland, P.O. Box 2000, 
Cortland, NY 13043, Review of aplication mate 
‘als will begin October 12, 2007, and continues 
Until the postion fs filled 
'SUNY Cd i a Airave Aion /E gl Empl 
‘mont Oparnmty/ADA fampoe. We hare stg sm 
tmot  e ieaaln fCoctay and hae ipo 
{epee pgs hea of atl sir 
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POSITIONS OPEN 


HEALTH SCIENCE CENTER 
Couror oF Muprcise 
FACULTY POSITIONS 
‘The Department of Molecular and Cellular Med- 
icine (MCA) ia the Texas ASM College of Med 
kine nites applications from indivkual with Ph.D, 
M.D. or equtalene degrees for sveral tenure track 
fic potion at the ASSISTANT, ASSOCIATE, 
or FULL PROFESSOR rank, inc the pot 
{i for an endowed postion 3 the sctior kxel Ap 
fikatons for couple or groups of individuals ae 
Encouraged. The Department principally located 
nthe Texas ASM campus in Coe Station and is 
expanding in concert with the significant growth 
of the entire College. Research in the Department 
spans from the stmcture and function of biomoe 
hls eo cell physicdogy, inching many areas of io 
Shamiary, gencty sn call and molecular biology 
Scrior applcants should havea vigorous extramta 
fone ah pean and ip ican 
Mill ced to develop mich 3 

shoud sabi 
of research plans and teaching phi 
Insophy and have three fetter of recommendation 
male or sent to; Molecular and Cellular Med: 
icine Junior Faculty Search, 440 Reynolds Bull 
ing, College Station, TX 77843-1114. Applicants 
forthe senior position are invited to send their 
fertiobo to Senlor Faculty Search atthe sme a 
Ses. Electronic applications are pefersed. Ou re 
Siow of applicants wl heginimmcdacly and contin 
through the Bll E-mail mem@modicinesamhyci, 
Wetnie: bey/ famkucedu/bade sencey/ 
MOM. The face AGA? Pa Stowe Come 
“ena Aon gad Cpu En 


ASSISTANT PROFESSOR 
Departncat of oloplal Scenes 
The Department of Biologia Sciences invites 
applicant fr a tenure-teick tcuty potion at the 
ivwane Professor fevel to bein September 1, 
2008." We are sceking candidates with rrcarch 
interes iy ecllar biopbyaks that include but ae 
net limited to the wudy of ctonkeleton and motor 
Therceliar spang, sacar tek 


Physiology or advanced Auorescenee imaging are 
Encouraged to apply. The succesfl candidate wil 
hhave a Ph.D. and postdostoral eaperience in an 
appropriate ficld, will develop an esteamurally 
fnded research program, will supervise Ph.D. and 
MIS. students an undergraduate recarch project 
and will tach undergraduate and radiate courses 
in area of expertise. ‘This pouition is one oF five 
teoure-track postions created for the. Integrated 
Molecular Like Scinces and Miophisics Program 
(IMISB, website: http://www blochem.du.eda/ 
IMLSB), 3 multidspartmcntal_program between 
the Departments of Biological Secnees, Chemisty 
Sind Bhochemistry, and Phsics and Astronomy, tht 
Wl feature emplases in biophysics, biochemistry, 
Sind neuroscicnce. All candidates must submit their 
application through website: htsp:/ /www dujobs. 
xy The appt shuld ee 
Sod statements of teaching philosophy and research 
interests. Under separate cover please send 160 
recent publications and thrce lets of recommen 
thations to: Biological Sciences Biophysics Facult 
Sed, Univerdey of Deaver, Department of 
Biological Sciences, Denver, CO 80208. The 
review of applications will begin October 15, 2007, 
sel cori na the poston i let, Conta 
easy ieJou ave a queues The Dobos 
rors commit 0 eaning the diversity oft fay and 
Safad encunae atone t 
‘th dis nd rear DU i an El Eamon 
Oppernnity/Ainaive Arion Emo 
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se Investigator Recruitment in Cancer Genetics 


The Cancer Genes Branch (C68) fh National Hunan Genome Research Isitite (NHR i sechingto ert an usancing terre rack 
dependent research in cancer genetics. General areas of interest include, but are not mite to: 


“Molecular Profiling of Tumors “Marker for Early Detection 
“Functional Genomics of Cancer _*Genetics of Tumor Progression 
Genome Instability in Cancer 
‘The success: be tt he senators with tig cole rp frie within NHR andthe NIH cps a Wok, 
In addition, they will have access to NHGRI’ outstanding core laboratories the unparalleled resources of the NIH Clinical Center. 
Cech bad PD MO, i eet et Dern aR Be Weed ol sci Sm te ped 
‘areas, This positon includes generous start-up funds, an ongoing commitment of research space, laboratory resources, and positions for personnel and 
trainees. 


Interested applicants should submit a curriculum vtoe, a three-page description oftheir proposed research, and three letters of recommendation through our 
‘online application system at http//research.nhgr.nihgovlepply. The closing date for applications is November 16, 2007. 


For more information on CGB and NHGRI’ Intramural Program, please see httpwww.genome gow/DIR. Specific questions regarding the recruitment may be 
rected to De Lary Brody te Serch Chak rody@tetihgo. Queton may so be rected to Dx Ekin Ontrander te CB Branch Cet at 
‘eostrand@mainih.gov. 


Interested applicants should also be aware of two concurrent tenure-track facuity searches being conducted by NHGRYs Genetics and Molecular Biology 
Branch (GMBB) and Genetic Disease Research Branch (GDR8). Information on these searches may be found at hitp//genome.gov’11509039. Qualified 
candidates are welcome to apply for multiple searches: please note that a separate application must be filed for each search for which you wish to be 
considered 


NATIONAL HUMAN GENOME INSTITUTE 


USS. DEPARTMENT OF HEALTH ANO HUMAN SERVICES | NA 


cs cob onan gone marr Scinc hetatntyiaisue the ones sn econ el thn panaser ‘of the skin microbiome. 
itprteur ttre onda n ener here ow eee 


+ Application of genomics tools to understanding human disease * Basic genetic/genomics research 


“The successtl candidate wil be abl to take advantage of interactions with a highly colegial group of scientists within NHGRI and the NIH campus as, 
Indo the uccossl cana wl esos © NRIs oustanding Core oratories a wel sto unparalled resources ofthe NIM Cal Cate. 


ances ras hav 8 Ph.D. MLD, or eciveler gre, vel coigrtensve sdkenced inng an «record of accomplishment none of he taryted 
«areas. This position includes a generous start-up allowance, an ongoing commitment of research space, laboratory resources, and positions for personnel 


ered pets hd ia cron vo re age dest of opr rsh nhs trl ecrmencton oh or nn 
sn asa "he sing bt lor sptcations is November 16,2007 ‘si 


‘welcome to apply for multiple searches: please note that a separate application must be filed foreach ‘Yu Wish To Be considered. 
DHHS and NIH are Eq 
NATIONAL HUMAN GENOME INSTITUTE 


U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES | NATIONAL INSTITUTES OF HEALTH | genome gov/DIR 


THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS 


WWW.NIH.GOV 


se Investigator Recruitment in Genetic Disease Research 


‘The Genetic Disease Research Branch (GDRB) of the National Human Genome Research Institute (NHGRI) is seeking to recruit outstanding tenure-track or 
tenured investigators to pursue innovative. independent research. GORE faculty members are highly interactive and use a variety of approaches to study the 
{genes and proteins involved in normal development and related disease processes. Investigators in the Branch are currently engaged in studies of mb and 
skoletal development, pigment cell development and neurocristopathies, T-cell development. function. and defects in host defense: and the role of rare variants 
in common disease. Of particular interest are candidates with backgrounds in one or more ofthe following areas: 

+ Clinical or transtational research 

+ Molecular and genomic approaches to understanding the mechanisms of csease 

+ Basic genetic or genomic research 
‘The successul candidate willbe able to take advantage of interactions with a high collegial group of scientists within NHGRI and the NIH campus as a whole, 
‘mn addition, the successful candidate wil have access to NHGRIS outstanding core laboratories, as well as the unparalleled resources of the NIH Clinical 
Center. Candidates must have a Ph.D..M.D. oF equivalent degree. as well as comprehensive, advanced training and a record of accomplishment in one of the 
targoted areas. This postion includes a generous start-up allowance, an ongoing commitment of research space, laboratory resources, and positions for 
personnel and trainees. Interested applicants should submit acurraukum wioe, a three-page description of proposed research, and three letters of 
‘recommendation through our online application system. at httpiresearch.ngr.ni.goviapply. The closing date for applications is November 16, 2007, 


For more information on GRB and NHGRI Intramural Program, please see httpligenome gov/DIR. Specific questions regarding the recruitment may be 
directed to Dr. Willam Pavan, the Search Chai, ‘Questions may also be directed to Dr. Leslie Biesecker. the GDRB Branch Chie, at 
leslicb@nhgrinih gow. Interested applicants should also be aware of two concurrent tenure-track faculty searches being conducted by NHGRI's Cancer 
‘Genetics Branch (CGB) and Genetics and Molecular Biology Branch (GMBB). Information on these searches may be found at http//genome gov/11509039, 
laiified candidates are welcome to apply for multiple searches; please note that a separate application must be filed foreach search for which you wish to be 
considered 


DHHS and NIH are Eg 
NATIONAL HUMAN GENOME INSTITUTE 


U.S DEPARTMENT OF HE. 


Tenure-Track Position A 
Vascular Medicine Branch Chemist 
Research Triangle Park, NC 
Division 
vidal 19 
sch pograr ia ipopepein metabelian and vase 
acéteplishinent and excellence in 


Chemist to design, oversee, and report rodent 


n Will be considered, however, preference will be 
tgiven to those working inthe area of HDL metabolisin and potential therapeu 
tic approaches. The candid have a@/M.D.,.Ph.D. oF both and have 

outstanding record of research accomplishments as evidenced by publications 
in major peer-reviewed journals, The position is tenure-track and comes with 
‘Renerous start up support. Also available is open access to various Core facili- 
tics, including transgenic and knockout mouse facility, confocal and electron 


‘microscopy cores, multi-modality non-invasive mouse imaging facility, siRNA 
resources, Nuorescent activated cel sorting facility and state of the art genomics, 
‘microarray and proteomics facilities. 


The successful candidate will be offered acompetitive salary commensurate with 
experience and qualifications. Appointees must be US citizens, resident aliens 

‘non-resident alien with a valid employment visa. Applications must be received 
by October 31, 2007. Please submit a curriculum vitae and brief statement of 
research interests along with three letters of reference to Ross Het at hefTeer a 


smail.nih. oy or mailto: 


Director, NHLBI, c/o Mr. Ross Heffe, 
xr Drive, MSC 1670, Building 10, 
Room 7N220, Bethesda, MD 20892. 


ADME studies conducted through contracts; 
evaluate metabolism data from literature or 
other sources; and serve as Program expert 
on biotransformation. 


Apply online at www.USAJOBS.gov, 
Announcement Number HHS/NIH-2007- 
0739 for position title Chemist, GS-1320-13/14 
(NIEHS-DE) by September 7, 2007. 

For additional information contact 

Angela Heard, Office of Human Resources, 
at hearda@mail.nih.gov 


DHHS and NIH are Equal Opportunity Employers 
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FACULTY POSITION IN 
GENE EXPRESSION AND REGULATION 


UNIVERSITY OF CALIFORNIA, IRVINE 


and Biochemistry in 
of Biological Sciences announces the availability 
rack position in the field of Gene Expression, at 
the ASSISTANT PROFESSOR level. Applicants s 

a Ph.D,, M.D. or equivalent d 


Ki hold 


teach at the undergraduate and graduate levels, 


eseription of their research 
uurriculum Vitae 


Applicants should upload 


accomplishments including future plans, 


i Icast four references. Pl 
edu/showopenjobs_¢ 
artment of Molecular Bio! 


da listo 
/jobs.hio.uc 
tion instructions under "Dej 
and Biochemistry 


DEADLINE FOR RECEIPT OF APPLICATIONS: Review 
of applications will begin September 30, 2007 and the recruit 
‘ment will remain open until the position is filled 


The University of California, Irvine is an Equal Opportunity 
Employer committed 10 excellence through diversity and 
strongly encourages applications from all qta 


ified appli 


‘ants including women ad minowities 


MAYO CLINIC 
gy 


For more information, visit our website: 


Postdoctoral Position 
Department of Molecular Pharmacology and 
Experimental Therapeutics Rochester, Minnesota 


ecomcs and ptarmacigenetc a a Mao Cine Rochester 
Conaaat shouste gh) mated wi experence mn phamaragnomis and 
prarmacegentes of concer cheep, Tne leboretay focus rath en 
esha esamacegenea chondro Oi tn a 
(Uaes amultude ol moeca belay tecngues. Studeseorduted nce 
genes ved ne anatt andcatabole 
Cage of Mecicine i 8 rat er ot oganzatien tat integrates 
ve beet pchage. Sala wl be deterred bythe 
toy maya 


Ms. Karen J Hanson 
Research Operations Coornatr 
Maye Cite 


U.S. Department of Energy 
Associate Director 
Office of Science for 
Biological and Environmental Research 
‘Announcement # SES-SC-HQ-014 (kd) 


The U.S, Department of Energy's (DOE's) Office of Science is seeking 
qualified candidates to lead its Biological and Environmental Research 
(BER) Program. With an annual budget of moce than $500 million, the 
BER Program is the nation’s leading program devoted to applications of 
biology to bio-energy production and use and to environmental remedi. 
tion. The BER Program supports major research programs in yenomics, 
proteomics, systems biology, and environmental remediation. The 
Program is also one ofthe nation’s leading contributors to understanding 
the effects of greenhouse gas emissions, aerosols, and atmospheric 
particulates on global climate change 


The Director of Biological and Environmental Rescarch is responsible 
forall strategie program planning in the BER Program; budget formula 
sment of the BER office including a federal 
0 technical and administrative staff; program 
ration with other Office of Science activities and with the DOE 
ology offices; and interagency integration. The position is within 

the ranks of the U.S, govemment’s Senior Executive Service (SES) 
members of the SES serve in key positions just below the top Presiden- 
sppointces. For more information on the program please go to http: 


tion and execution; ma 


For further information about this position and the instructions on how 
to apply and submit an application, please go to the following website 
hutp://jobsearch.usajobs.opm.gov/zetjob.asp?JobID=S8520806A 
VSDM=2007%2D06% 2D06+13%3A44%%3 AUZS Logo-O&q=SES- 

-HQ-014+ (kd) & Fed E mp=N&sort=rv&vw=d& brd=38768s5-0 
‘&FedPub=V&SUBMITLA=a7&SUBMITLy=18 To be considered 
Tor this position you must apply online. Its important that you Follow 
the instructions as stated on the announcement SES-SC-HQ-O14 (kd) 
located atthe website above 


MICHIGAN STATE 
UNIVERSITY 


Tenure-track Assistant Professor 


Departments of Crop and Soil Sciences and Geological 
Sciences and the Environmental Science and Policy Program 


a bitpifhww ess mst dual physics! 

meal ingles are chesuraged” and Should Be 

J'to Alvin Smucker, Search Committee Chair, by 
smucker@msu.edu. 


Bforschung 


FORSCHUNGSZENTRUM 


[DU iBcess research Centre is located in Geesthacht near Hamburg, Germany, with a further centre in Teltow close to Belin. I 
Is amember of the Helmholtz Association of German Research Centres. With its approximately 700 employees it undertakes, 
In collaboration with universities and industry, esearch and development in the areas of coastal research, materials research, 
regenerative medicine, and structure research with neutrons and synchrotron radiation. 


The, GKSS Research Centre ig unig a conte fo mates research based onthe complement Us of synchro radiation and 
neutron radiation operating the Geesthacht Neutron Faclity GeNF (hitp://genf zkss.de) in land a growing outstation at 
DESY in Hamburg. Asa collaborating research group we are operating the igh ener Beare HARWITI at DORIS and ae bull 
ing a High Energy Matenals Science Beamline (HEMS) and an Imaging Beamline at the new high-bailiance synchrotron radiation 
source PETRA Ill at DESY. 


In this framework we are looking for a 


Scientist (permanent position) - Code-No. W 12 (Hamburg) 


who will strengthen and further develop our activites in residual stress analysis with diffraction methods using synchrotron radiation. 
You will participate inthe technical and scientific development of the new state of the art undulator beamline HEMS which will have 
‘a main energy of 120 keV, tunable in the range 50 to 300 keV and will be optimized for-sub-micrometer focusing 
(http://hasylab desy de/site_petra3/content/ beamlines/work_packages/e1036/e1557/indexeng.htmi, offering unique opportuni- 
ties in the fields of Material Science and Physics. You wil be responsible for the design and maintenance of a specialized 3D-XRD 
microscope at HEMS for the characterization of the microstructure and strain of polycrystalline materials and assist extemal users in 
preparing and running their experiments there. You are expected to develop an innovative in-house research program for grain map~ 
ping which should exploit the unique features of the beamline and its vanous sample environments (fatigue loading, furnace, weld- 
ing, cryostat etc.) and strong, sample preparation and analysis support from its home institute in Geesthacht near Hamburg. For this 
position good skils in instrumentation and experience in high energy X-ray scattering methods at 3rd generation synchrotron radia~ 
tion sources are essential. In addition you are expected to provide support to external users also of other experiments at HEMS and 
of the Wiggler beamline HARWI-ll, which is complementary to HEMS. For specific inquiries please contact Dr. Norbert Schell 
(norbert shell gkss.de) 


In addition we are looking for a 


Scientist (Postdoc) - Code-No. W 13 (Geesthacht/Hamburg) 


for an intial 3 years inthe field of residual stress analysis who will take part in performing experiments at the GKSS high-energy mate- 
rials science beamlines HARW/ and HEMS at DESY in Hamburg as wel as at the neutron strain scanner ARES-2 at GeNF in Geesthacht 
In this position you will deal with fundamental problems of diffraction-based stress analysis, you will take part in operating and fur- 
ther developing the above mentioned instruments and you will support internal and external users in this field. ideally, you already 
have knowledge in the mechanics of materials and experience with diffraction methods for residual stress analysis, For specific inquiries 
please contact Dr. Peter Staron (peterstaron@gkss de) 


Furthermore we are looking for a 


Scientist (Postdoc) - Code-No. W 14 (Geesthacht/Hamburg) 


for an initial three years who will support the radiography and tomography activities in our rapidly growing tomography group. You 
will perform experiments at the state of the art tomography instruments at the GXSS beamlines HARWI and the new Imaging 
Beamline at DESY in Hamburg, as well a at the neutron radiography/tomography instrument Genra-3 at GeNF in Geesthacht. In this 
position you will take part in operating and further developing these methods and you will support intemal and extemal users during 
ther experiments. For specific inquities please contact Dr. Fel Beckmann (felx.beckmann@ gkss de) 

Al three positions wil allow you to continue and develop your own scientific research program using synchrotron radiation and neu. 
trons. You will support external users during the experiment, including evaluation and publication of result, and deal with orders from 
industry. Within this context, intemational collaborations as well as cooperation with staff members and other scientists at GKSS are 
highly encouraged. Opportunities for gaining additional qualifications by cooperation with internal partners, especialy in the field of 
joining techniques, ae available. Current topycs inthis field are e.g. frcbon stir welding as well as laser beam welding for aircraft con- 
struction 

For all three positions a Ph.. or equivalent in materials scence and engineering, physics, chemistry oF a related field is mandatory 
Beside good communication skils, the positions require excellent expenence in the respective scattenng techniques using synchrotron 
radiation or neutrons, idealy in the field of materials research. We expect good Englsh language skis, German language sills are an 
asset 

A fast familiarization with new topics Is a personal challenge for you. You should be familar with complex experitighis and edit) 
software. You have adopted a purposeful and result-oriented way of working and are able to realize this in a tearm. You are flexible 
and communicative in your approach with collaborators and you give prionty to the success of a project and your team. You are faril- 
iar with publishing the results of your work and presenting them at international conferences. 

The first position is a permanent appointment and the other two wil initially be for 3 years with the possibilty of extension. We offer 
an appropriate salary, related to TV-AVH, as well as the usual public sector social benefits. 

‘The GKSS is an equal opportunity affirmative action employer seeking to increase the proportion of female staff members. Qualified 
women are therefore especially encouraged to apply. Handicapped persons with equal qualifications will be preferred. 

For general inquiries please contact Dr. Klaus Pranzas (pranzas@gkss.de). 

Please send your application with the corresponding code, CV and references to pranzas@gkss.de or to our Persbnifél-DWvision. The 
closing date for appications is four weeks after publication of this advertisement. 


GKSS - FORSCHUNGSZENTRUM GEESTHACHT 
MAX-PLANCK-STRASSE 1 « 21502 GEESTHACHT » GERMANY 
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PENNSTATE 


mistry 


THE PENNSYLVANIA STATE UNIVERSITY 
DEPARTMENT OF CHEMISTRY 


FACULTY POSITIONS IN ORGANIC 
CHEMISTRY AND BIOMOLECULAR! 
MACROMOLECULAR NMR 


Several ficulty positions are available for Fall, 2008 at the junior 
oF senior level in the arcas of organic chemistry and biomolzculae 
macromolecular structure and function with an emphasis on NMR 
spectroscopy. The Chemistry Department has recently moved into a 
new state-of-the-art building. Departmental research spans both tradi- 
tional and non-traditional areas. Faculty members have opportunities 
to participate in university-wide life sciences, materials, environmental, 
nd computational institutes. Appointees are expected to establish an 
exceptionally strong and highly visible research program that incor- 
Porates excellence in undergraduate and graduate education 
'ppointments should have a previous cord of national and international 
dlistinetion 
Applicants should submit « st of publications, and 
research plans to: Chair of the Search Committee, Box C, Depa 
‘ment of Chemistry, 104 Chemistry Building, The Pennsylvania State 
University, University Park, PA 16802, Junior applicants should also 
have three let 
Review of applications will begin on October 1, 2007 and « 
until the positions ae filled, 


To view this position: 
huipy/www.chem.psu.edu/faculty/facultyad. html 
Penn State is committed to Affirmative Action, Equal Opportunity 
‘and the diversity of ts workforce 


Chair ¢ Department of Biochemistry 


and Cell Biology 


Stony Brook University’s Department of Biochemistry and Cl Biology 
‘san ntemationaly ecomnzediterdsc pray research and education 
‘department wit an outstanding record of research achievement. Curent, 
the Depart has 20 tence/ enue track faculty having research intr 
ests cong the toad area of bochemcal ancl biological sciences 
The Department also has cise relationships with faculty at Brookhaven 
National Laboratory and Cold Spring Harbor Laboratory. We ae seeking an 
‘outstanding scientific leader to dct the fature gro ofthe Department 
The candidate must also be commited tothe Departments undergraduate, 
yadvate, and medica edscaton programs. Ragirad: P.O. or equivalent 
eye, the academic rank of Profesor anda vigorous research ogra 
thats recognized at both the national and international level as judged by 
evans finding, scholarly publications, and ined presentations. The 
successful candidate mast have an eagomes to promote multiicplinay 
interactions and a demonstrated record of success graduate student 
and/ar postdoctoral taining. Substantial start-up package forthe Cha 
‘wih resources forthe expansion ofthe Department n both research 

and teaching willbe provided tough the College of Arts and Sciences 
and the School of Medione 

The review of applications will begin Stee 1, 2007, and wi 
online uti he positions fed. For more infomation, 

please visit: hp/wwnv sunysb.odu/ochem/ 

Interested ingividvals can apply online at www stonybrook edu 
{Reference number: F-4196-07-07) or forward a curriculum vitae to: 
Biochemistry and Col Biology Char Search Commitee, c/o Carol Gald 
Deparment of Bachomsty and Cel 

450 Lie Soences Buling 

Sony Brook University, SUNY 
Stony Brook, NY 11794-5215, 


BRAK 


ua Opprtny/Atemabve Reon Employ 


Molecular 
Microbiologist 


Department of 
Biological Sciences 


WY VirginiaTech 


Invent the Future 


The Department of Biological Sciences (www.biol.vt.edu) is reer 
ing a Molecular Microbiologist for a tenure track assistant professor 
faculty position. Competitive salary and start-up package will be pro- 
Vided. The department is interested in hiring an individual from one 
as, including but not limited to: (1) Infectious 
ions with the environment; (3) Signal 
transduction; and (4) Prokaryotie developn © may become 
affiliated with the Institute nd Public Health Sciences 
(or the Institute for Critical Technology and Applied Science, which 
‘were created to increase research training and research funding through 
interdisciplinary initiatives, Core laboratory facilities are available for 
DNA sequencing, microarrays, proteomics, prote 


and high speed comps 


Appl 
‘ment ofrescarch and t interests emphasizing career gools using 
‘oaron-line system (https:/fobs.vt.edu, search posting 070798). Three 
reference letters should be sent to the chait of the search committe, 
Dr, Ann Stevens: Department of Biological Sciences: 2119 Der- 
ring Hall MC0406; Virginia Tech: Blacksburg, VA 24061. loguisies 
‘conceming the position or application process should be directed to 
the chair of the search committee (amsia'vt.edu; $40-231-9378) 
Review of applications will begin October 12, 2007 and continue 
‘until position is ile. 


Virginia Tech isan NSF Advance Institution and has a strong 
‘commitment tothe principle of diversity and, in that spirit, 
seeks a broad spectrum of candidates, including women, minorities, 
veterans and people with disabilities. 


WEST VIRGINIA UNIVERSITY 
Eberly College of Arts and Sciences 
Position in Applied Mathematics (bioinformatics) 


ia University's Department of Mathem 
track assistant professor in the general atea of BIO- 
AL MATHEMATICS in support of multidisciplinary efforts 


Sciences Center, the College of Engineering and Mineral Resource 
and the Davis College of Agriculture, Forestry. and Consumer Sciences. 
The starting date for this position will be August 16, 2008. Applicants 
rust have a Ph.D. degree, and should have demonstrated research 
potential in systems biology, computational genomics, data analysis, 
and or discrete optimization algorithm design 
ies. Excellence in teaching at the undergraduate and graduate levels 


and the development of a vigorous and extemally funded research 
Program are expected, 


ch-High Activity University enroll- 
versity is located in Morgantown, 
award winning “small” city with a metropolitan population of abo 
$0,000 in easy travel distance of Pittsburgh, PA, Baltimore, MD at 
‘Washington, DC 


Applicant should submit a curriculum vitae, a description of re 
plans, a detailed start-up budget, and a brief description of teach 
interests, and arrange for three letters of recommendation 10 be se 
to: Math-Bio Position, Department of Mathematics, West Vir- 
‘ginia University. P.O, Box 6310, Morgantown, WV 26806-6310, 
(biomathjobamath.wvu.edu). Priority will be given to applications 
received by November 14, 2007 


ti University is an Equal Opportunity/Affrmative Action 
Employer. Women and protected class individuals are 
‘encouraged to appl 


)Wontersrry oF MICHIGAN 


SCHOLARS PROGRAMS 


BIOLOGICAL SCIENCES SCHOLARS PROGRAM 
For Junior, Tenure-Track Faculty 


The University of Michigan announces recruitment for the Biological Sciences Scholars Program (BSSP) to 
continue to enhance its investigational strengths in the life sciences research programs. 


Now entering its 11th year, this Program has led to the recruitment of outstanding young scientists in 
the areas of genetics, microbiology, immunology, virology, structural biology, pharmacology, biocheistry, 
molecular pharmacology, stem cell biology, physiology, cell and developmental biology, and the 
neuosciences. The Program seeks individuals with PhD, MD, or MD/PhD degrees, at least two years of 
postdoccoral research experience, and evidence of superlative scientific accomplishment and peice 
promise. Successful candidates will be expected to establish a vigorous, externally-funded researc 

program, and to become leaders in departmental and program activities, including teaching at the medical, 
graduate, and/or undergraduate levels. Primary college and department affiliation will be determined 
by the applicant's qualifications and by relevance of the applicant’s research program to departmental 
initiatives and focus. All faculty recruited via the BSSP will be appointed at the Assistant Professor level. 


APPLICATION INSTRUCTIONS: Please apply to the Scholars Programs through the BSSP web site at: 
(http://www.med.umich.edu/medschool/orgs/bssp). A curriculum vitae (including bibliography), a three- 
page research plan, an NIH biosketch, andthree original letters of support shouldall be submitted through the 
BSSPwebsite, MoreinformationabouttheScholars Programs, instructions forapplicantsand thosesubmitting 
letters of recommendation, and how to contact us is located on the BSSP web site: (http://www.med.umich. 
edu/medschool/orgs/ssphome/). The final deadline for applications is Friday, October 19, 2007, 5:00 pm EDT. 


The University of Michigan is an Affirmative Action/Equal Opportunity Employer. 


The Department of Bioengineering at the 
UCLA Henry Samuel School of Engineering 
and Applied Science invites highly qualified 
applications for TENURE-TRACK and 
TENURED faculty positions atthe Assistant 
Professor, Associate Professor, and Full Pro- 


U.S. Department of Energy 
Office of Science 
Deputy for Programs 
Announcement #SES-SC-HQ-013 (kd) 


fessor levels. Candidates with a Ph.D. and an 
excellent track recond in research and teaching 
in bioengineering or elated science and engi- 
necting fields are encouraged to apply. 


The U.S. Department of Energy's (DOE) Office of 
‘with outstanding scientific achievements to fill the Deputy for Progra 
Science isthe single largest supporter of basic rescarch 

‘with a 2007 budget of $3.8 billion. It oversees the Nat -enengy and 
‘nuclear physics. basic and fusion energy sciences, and biological, environmental and computational 
sciences. The Office of Science is the Federal Government's largest single funder of materials 
and chemical sciences, and it supports unique and vital parts of U.S, research in climate change, 
‘geophysics, genomics life sciences, and science education. The Offic of Science also manages 10 


ence is secking highly qualified candidates. 
pesition, The Office of 
inthe United States, 


The application packet should be organized 
in the following order: 

(1) Curriculum vitae 

2) Research statement 

Q) Teaching statement 


(4) References 


All applicants: please provide names and 
contact information for at east $ referees. 
pplicans for the Assistant Professor posi- 
tions should also arrange forrecommendation 
letters to be sent from at last three referees. 
The postions are open until they ane filled 
Applications received by October 18, 2007 
will be considered for the first round of 
inerviews. Please send a hard copy of your 
completed application to: Professor Ben 
Wa, Chair, Faculty Search Committee, 
Department of Bioengineering. Henry 
wel School of Engineering and Applied 
ence, 7523 Boelter Hall University of 
alifornia, Los Angeles, Los Angeles, 
set 


The University of California, Las Amgeles is 
‘an Equal Opportunity Emplover 


‘world-class laboratories and ovcrsces the construction and operation of some of the Nat 
advanced R&D user filties, located at national laboratories and universities. These include particle 
and nuclear physics accelerators, synchrotron light sources, nanoscale science research centers, 
‘ncutron scattering facilities. bio-energy fescarch centers, supercomputers and high-speed computer 
‘networks. More information on the Office of Science can be found at http://science.doe.gov 


The Deputy for Programs provides scientific and management oversight ofthe six program offices 
by ensuring program activities are strategically conceived and executed: formulating and defend 
ing the Office of Science budget request: establishing policies, plans, and procedures related to 
the management of the program offices; casuring the research portfolio is integrated across 
program offices with other DOE program offices and other Federal agencies, and representing 
‘organization and make commitments forthe Department in discussions and meetings with high-level 
_govemment and private sector officals. The position is within the ranks ofthe U.S, government's 
‘Senior Executive Service (SES); members of the SES serve in key positions just below the top 
Presidential appointees 


‘To apply for this position, please see the announcement and application instructions at http:// 
jobscarch.usajobs.opm.gov/ses.asp under the vacancy announcement of #SES-SC-HQ-013 (kd). 
‘Qualified candidates are asked to submit their online applications by August 29, 2007, 
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School of Biological Sciences 
Postdoctoral Research 
Officer 


Project: The evolution of parasitic sex ratio 
distortion 


Starting Salary: £24,478 - £28,363 (on R&A Grade 
1A) pa. 


[A 3-year NERC-lunded postdoctoral positon « avaiable mnediately to 
‘work on proteomic or cel biology and cel signal pathway analyses of 
host paraste teraction of miracellla reproductive parasites m Bangor 
‘na collaborative project with groups at Unversity of Leeds and 
Liverpool and University of Potirs. The study might involve feminsation 
‘male bling and cytoplasmic ncompatbilty. Prenous expenence as a 
postdoc in call ology or micrabology @ preferable but not essential 


The succosstu candcate wil b 


pected to start as soon as posable, 
‘Application forms and further parbcilars should be obtained by 
‘contacting Human Resources, Unwersity ol Wales, Bangor 

tol: (01248) 382926/388152; e-rad: personmellbangorac.uk; 

‘abs bpm wbangor ac. 

Please quote reference number 07-7/16 when applying. 

‘Closing date for applications: Monday 3 September, 2007. 


Informal enquiries can be mace by contacting 
Dr Honk R. Braig, e-mad: hibraigbangor.ac-uk 


ANGOR 


BANGOR 


Structural Biology Faculty 


‘Stony Brook 
scientists work 


rmacological Sciences seeks 
biology/X-ray crystallography 
stant, Associate, or Ful 
be expected to have or develop and 
rch program in structural biology and 


ersitys Department of P 


gre ties ofthe Department 
(wsvwpharm stonybrook ed), Stat pment for Xray 
ography is available atthe Center for Structural Bi 


ready access to the NSLS at Brookhaven National Laboratory is 
ted. Many opportunities ae avaliable fr colaborative 
Stony Brook has strong graduate programs in molecu 
chemical, and comput at 
arbor and Brookhaven National Laboratories. 
Required: An MO. 
5 o additional res 
rtup-package and salary sup 
mence immesiatey end wil cont 
To apply, please submit an application electronically to 
wwwstonybrook.edu/jobs /09)\cat.0n should consist of single pall 
file containing) 2 C.. (2) synopss of major research accomplishment 
earch plans of 


jonal biology that include resea 


the Cold Spring 


. degree (or equivalent} with atleast two 
ch experience. The position offers & 
1. Review of applications will com 
ue until the position is filled 


more than three pages, (3) names, 


Email addresses for thee individ 


to write letters of recommendation, and (4) a cover letter indicating 
tat the 
Associate 


“STONY 
BRG@WK 


whether the applicant wishes to be consider 
Assistant, Associate. of Ful Professor level. Applic 
(or Full Professor level should includ 
2 summary of past and current 
funding administrative, 
g experience 


ed for appoin 
ns att 


and teach 


Equal Opporuney Ahrmstive 
Acton Prove! 


Epigenetics and Evolutionary Genetics 


The Department of Biological Science 
tenure-tr 


Wvites applications for 
k faculty positions at any rank in our Integrating 
Genotype and Phenotype cluster hire of eight positions. This 

cides with new construction and an aggressive expansion of 
faculty at FSU. For more information see http://www. bio.fsu.edu 
xenphensearet, 


Epigenetics: Researchers investigating fundamental aspects 
chromatin or RNA-mediated regulation of phenotypic 

variation, the role of epigenetics in evolution, and those using, 
omics or computational approaches, 


y searchers using experimental, compu- 
tational, or theoretical approaches to study the genotype-phenotype 
map, including, but not limited to, evolution of development, 


epigenetic systems, genomics, genetic regulat 
‘quantitative genetics. 


-y networks, OF 


Please submit one electronic application (PDF files preferred) con- 
sisting of a cover letter, curriculum vitae, statements of research 
and teaching interests, and have four letters of re 
_genphensearcha bio.fsu.edu. Review of applications will 
‘October 1, 2007, but will continue until the positions are filled. 


FSU is an AM/EO Employer: Applications from minority and 
female candidates are especially encouraged. 


US-based, fully-integrated, global life science outsoure- 

¥y is providing the highest quality, 

t services at an affordable cost. Our customers are over 

) pharmaccutical and biotcchnology companies, and our services span 

the entire range of drug discovery and development, from discovery 

mistry, through pharmacology and drug safety and evaluation, 10 
clinical mals. 


BioDuro has openings in Biology and Chemistry in Beijing, and it is 
actively seeking a Group Leader Associate Director position in Biology 
for our Beijing Laboratory, a newly constructed state-of-the-art facility 
comprising approximately 300 scientists. 


The successful candidate must have a Ph.D. with >7 years experience 
assay development in the Pharmaceutical industry or Biotechnology. 

They also must have: 

+ experience in independently developing, optimizing, and validating 
in-depth theoretical and practical knowledge in assay developm 
familiarity with standard assay technologies includin 
Aouorescence. and chemiluminescence, 
familiarity with analytical software for data analysis and presentati 
good tcam management skills and ability 
good presentation skills and ability to communicate in English, 

We will offer the successful candidate competitive salary and the standard 

benefit package such as pension, medical insurance and vacation et. 

according to his/her nationality. Please go to our website for more 
information www.biodura.com. Please send application to 
Duro, 
4350 La Jolla Village Drive, Suite 450, 
‘San Diego, CA 92122 
info bioduro.com 
‘or email your application to paul.conlon bioduro.com 


Principal Inv 


(OIST: 


tropical beaches in Onna Vil 
with cutting edge moleculartechnologies and 
imaging facilities are future options, 


Appointment is for five years and is renewable upon successful evalu: 


Luntl the completion of the new fac 2 


facilities are being completed at the 


-w campus. 
Principal Investigator Position in Primate Brain Research 


A successful applicant will play am: 
non-human prin including decisions on 
the floor plan and major equipment. Candidates should have a 
doctoral degree, a strong publication record, deep practical 

jowled 


role in planning the 


this new research facility 
For the first round! of reviews, candidates should send CV, 
statement of on-going and future research intentions. the names 

1 information of five references, and up to five 
ive papers in electronic fo pbr07@oist.ip 
by September 28, 2007. The search will remain open until the 
position is filled 


will be required for or, 


gator Posi 
Okinawa Institute of Science and Technology (OIST) 
ttpz/svwwcoistjp) is 
positions inthe fields of Primate Brain Research and Functional Brain Imag 
. Okinawa, Japan in 2009. The major facilities will include a non-human primate labor 
jekd MRI scanners for both 


ies in 2009. An appoinice will be able to perfor 


7542, Onna, Onna Village, Okinawa Japan 904-0411 
Tel: +81 98 966 8711 Fax: +81 98 966 8717 


URL: www.oistjp 


iting applications for Principal Invest 
OIST will open its brand new campus, overlooking 

ry compatible 
on-human primates and humans. MEG, PET and other 


a. Temporary offices near the new campus will be available 
nt research based in another institute while 


Principal Investigator Position in Functional Brain Imaging 


A successful applicant will play a major role in planning the 

facilities, including decisions on the floor plan and 
major equipment. Candidates should have a doctoral degree, a 
strong publication record, deep practical knowledge in functional 
maging, and fresh ideas. Good cor ation skilly and 
the ability 10 work collegially will be required for onganizing this 
new research facility 


For the first round of reviews, candidates should send CV, 
statement ad future research intentions, the names 
and five references, and up 10 five 

papers in electronic format to fbi07@ aistip by 
September 28, 2007. The search will remain open until the 
position is filled 


ASSISTANT PROFESSOR 
DEPARTMENT OF GENETICS 
HARVARD MEDICAL SCHOOL 


The Department of Genetics invites applicants for the tenure 
track position of Assistant Professor. We are searching for 
individuals with a strong potential for imaginative research in 
any area of moxlem genetic or genomic analysis. This positon 
offers significant scholarly and scientific resources as well as 
the opportunity to teach graduate and medical students. 


For further information 
our Web Page: 


out our Department, please see 


http://genetics.med.harvard.edu 
Applicants should submit electronic copies of curriculum 
vitae, bibliography, a brief description of research accom- 


plishients and future research interests (limit to $00 words) 
by October 31, 2007, and ask three references to provide 
letters of recommendation. These materials should be sent 
to the following email addre 


sulty_search/@ genetics.med.harvard.edu 


Harvard University is an Equal Opportunity’ Affirmative 
Action Employer and encourages the applications 
of qualified women and minorities. 


NORTHWESTERN 
UNIVERSITY 
EVANSTON AND CHICAGO, ILLINOIS 


VICE PRESIDENT FOR RESEARCH. 


Noxthwestem University seeks nominations and appl 
pponition of Vice President for Rewarch, The Vice Presi 
Research is a senior central administrator wit 
responsibility for the quality and vitality of Northwestern 
University’s research enterprise. The Vice President for Research 
develops and implements strategies for achieving the University's 
research goals; capitalizes on the interdisciplinary strength of 
University research centers; oversees compliance with regulatory 
‘mandates; and ensures that the research infrastructure is robust and 
responsive to the needs of Northwestern University investigators, 
Northwestern's research awards exceed $380 million annually. The 
Vice President's broad portfolio includes 20 University research 
centers and the offices and facilities providing University-wide 
research services. The Office for Research comprises. 450 
administrative and research staff and a budget of aver $100 million. 
The Vice President reports to the Provest and serves as a member of 
the President's Staff. For full consideration, nominations and 
applications should be received by September 28, 2007, and should 
besent to: 


speearchinorthwestemedu 


Secretary, Search Committee forthe VP for Research 
Northwestern University 
{633 Clark Street 
Evanston, IL 60208-1119 
Norhwatem san alfemutie action «qual opportuni eocator and empower 
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Mekong River Commission 
The role of MRC is to co-ordinate and promote co- 
operation in all fields of sustainable development, 
utilisation, management and conservation of the water 
and related resources of the Mekong Basin. MRC is 
seeking qualified candidates for two positions for the 
Environment Programme, Environment Division: 
1. CHIEF TECHNICAL ADVISOR 
2. SENIOR ENVIRONMENT SPECIALIST 


The above positions are at level L-05, based in 
Vientiane, Lao PDR 

The Environment Division generates data, information 
and knowledge in order to balance economic 
development and environmental conservation in 
decision-making. In addition to establishing systems 
for monitoring the Basin’s environmental health, 
improving policies and legislation. and encouraging co- 
operation among the riparian countries, the programme 
is also charged with increasing environmental 
awareness amongst the public. 

For information, job description and application 
details, please visit MRC's web site at 
www.mrcmekong.org or send an email to 
mres@mrcmekong.org. 


Closing date for applications; 10 SEPTEMBER 2007 


Northwestern University Feinberg School of Medicine 
Director of Clinical Pathology 


The Department of Pathology at Northwestern University Feinberg School 
‘of Medicine, Chicago, invites applications for a fulltime faculty postion 
as Director of Clinical Pathology. The successful applicant will be an 
‘tablished investigatoe‘linician with a national and intemational reputa- 
ton for excellence in clinical pathology. In addition, the applicant will 
have excellent interpersonal and leadership skills, and experience training 
Residents and Fellows. She will oversce the growth and operation ofthe 
clinical laboratories at Northwestern Memorial Hospital and play a major 
role in furthering the development of the Department into a world-class 
‘center for academic pathology. 


‘The medical school and its main teaching hospital, Northwestern Memo- 


fal, are located in the heart of Chicago's magnificent “gold cous.” The 
‘environment for hypothesis driven basic esearch, and for translational and 
collaborative research at Northwestern University and the Northwestern 
Memorial Hospital is outstanding. Applicants must hold MD or MD/PhD 


degrees, be certified in Clinical Pathology by the American Board of 
Pathology, as well as eligible for an unrestricted medical license in the 
‘State of Hlinois. 


We expect the succesful candidate will be qualified to be appointed as 
«full professor. If professional expericnce warrant, this individual will 
also hold the position of Vice-Chair. A very generous salary and benefits 
package will be provided, in addition to funds for moving and expanding 
a research laboratory. In order to effectively evaluate candidates for the 
‘Proposed starting date of January 1, 2008, interested applicants should 
submit ete of interest, curriculum vitae ad names of thee references 
Via c-nail to nstarksia northwestern.cdu by Oxtober 1, 2007, Additonal 
‘qucstions may be suite to; Williams A. Muller, MD, PRD, Magerstadt 
Professor and Chairman, Northwestern University, Feinberg School 
‘of Medicine, Ward Bullding 6-204, 300 East Chieago Avenue, Chieago, 
1. 60611-3008; wamullerianorthwesternd 


Nordinwestern University isan Equal Opportunity/Affirmative Action 


Employer Women and minority candidates are encouraged to appt 
Hiring is contingent upon eligibility to work in the United States. 


WORKING AT THE 
UNIVERSITY OF 
GENEVA 

The FACULTY OF SC! 

ASS 


ICE seeks an 
or FUL! 


in Molecular Biology 

(w wwamolbio.unigeseh) 
POST: Full earch and teaching 
position in the general area of molecular 
biology. Special consideration given to 
scientists studying important biological 
problems using novel chemical, genetic or 
biophysical approaches 
REQUIREMENTS: Ph.D. degree or 
equivalent. Experience in teaching and 
leading an independent research project 
STARTING DATE: Ist July 2008 at the 
earliest 


h, 2007 to = Décar 
Faculté des sciences, 30, Quai E 
Ansermet, CH-1211 Geneve 4, fro 
additional information can be obtained 
regarding the responsibilities of the post 
nd other conditions. 


The University of Geneva is an equal 
opportunity employer and encourages 
applications from female candidates 


UNiversiTé DE Genéve| 


BASIC SCIENCE FACULTY 
POSITIONS AVAILABLE 


Institute of Human Virology 
University of Maryland 
‘School of Medicine 
Baltimore, Maryland 
The Insitute of Human Virology at the Univer- 
sity of Maryland, Baltimore School of Medi- 
cine (http:/wwwihyorg) is recruiting highly 
‘Qualified individuals with established Tescarch 
froprams at ranks of tenure-track Assistant, 
‘Associate aa! Fall Professor. Candidates with 
NIH (ROL andioe PO) fined resarch 
with expertise in one or more ofthe following 
are encouraged te apply cll biology. stactra 
blogs, basic immunology ot systems biology 
with teres chromic haran sal diseases ch 
as HIV. These programs will complement the 
‘uisting instiute programs in molecular patho 
feness inate immumty. vaccine development 
‘nd wansatona clinical research that focus on 
‘hronic viral diseases. The Institute of Human 
Virology offers excelent laboratory facilities, 
competitive salary and startup packages. and 
faccens to numerous core facies including 
state-of-the-art BSL3 and ABSL3 facilities in 
2 rapidly growing academic environment. The 
levelof apporntment willbe commenearate with 
the candiste's experience 
Interested applicants are requested to forward 
CV inp format to: Chairperson, c/o Beth 
Peterson. INV Faculty Search Committee, 
Institute of Human Virology, 725 W. Lombard 
Street, Baltimore, Maryland, 21201 
The Universit of Marvland, Baltimore is 
«an Equal Opportunins, Afrmasive Action 
Emplover: 


INSTITUTE OF 
HUMAN VIROLOGY 


University of Maryland 
School of Medicine 
Baltimore, Maryland 


The Institute of Human Virology atthe Uni= 
versity of Maryland, Baltimore School of 
Medicine (http:/www.ihv.org) is secking, 
to ill a tenure-track faculty position with, 
an investigator with the ability to establi 
an independent research program centeri 
‘on the molecular biology’sirology of hum: 
papilloma virus and its interactions with 
host cell factors, especially those relevant 
tocancer. The successful candidate will have 
demonstrable track record of relevant pub- 
lications in peer-reviewed journals and of 
aitracting peer-reviewed funding, preferably 
related to cancer. The level of appointment 
will be commensurate with the candidate's 
experience. 


Interested applicants are requested 10 for 
want a CV in pdf format to: 
Chairperson 
‘c/o Beth Peterson 
IY Faculty Search Committee 
Institute of Human Virology 
‘725 W. Lombard Street 
Baltimore, Maryland, 21201 


The University of Marstand, Baltimore is 
‘an Equal Opportunity, Affirmative Action 
Employer: 


‘The University of Wisconsin- Madison School of 
Pharmacy, invites applications for wo temure- 
track Assistant Professor positions in areas of 
drug discovery and drug delivery. Applicants 
‘must have a Ph.D. and demonstrate ability t0 
cstablish an externally funded rescarch program 
of high quality, The sucessful candidates should 
also have 2-4 years of postdoctoral experience 
‘and be willing to engage in productive interdis- 
ciplinary research, committed effective teach- 
ingin undergraduate, professional, and graduate 
programs that serve adiverse student body, and. 
bbe active in university service, 
Successful candidate will join a world-class 
academic institution that encourages, values 
1nd supports basic, applied, and interdiscipin- 
fry research and attracts scholars and students 
fom around the world. The Schoo! of Phat- 
macy is committed to excellence in teaching 
tnd research and its faculty, staff, and students 
reflect the global population represented within 
the university We encourage applications from 
candidates whose skills and/or background pre- 
pare them 10 work effectively across socially 
divene atmosphere and economic classes. Vis 
|nup/www.wiseedu/employmenvmadison php 
for working and living in Madison, 
Drug Discovery: PVLM OS7I41, hy 
Vi w.ohr-wise.edu/pvl/py_0S714 tm 
‘Applicants for this position mast hold a Ph.D. 
in chemistry or a related field and possess a 
strong back ground in natural products chemistry 
(isolation, structure elucidation, semi-synthetic 
modification) rational drug design, and/or the 
tion of chemical tools for drug target 
tion (chemical biology) and will be 
expected lo engage in productive inlerdisciplin- 
ary drug discovery and development research 
atthe interface of chemistry and biology. Send 
‘materials to: Prof.Jon S, Thorson, Chale, Drug 
Discovery Search Committee, 608-262-3829, 
{sthorsonga pharmacy.wise.edu, 
Drug Delivery: PVL# 054752, htt 
Hiwww.ohe.wise.edu/pvl/py_0S4752.h 
Applicants for this position must hold a Ph.D. 
in pharmaceutical sciences, biomedical sei- 
‘ences oF biomedical engineering and engage in 
creative research inthe areas of biopharmaceu- 
tics, pharmacokinetics, of biological transport 
pphenomens; innovative drug or gene targeting 
Strategies; molecular imaging: of drug delivery 
tothe CNS, Send materials o: Prof. Glen Kwon, 
‘Chair, Drug Delivery Search Committee, 608 
268-5183; gskwonda pharmacy. wise.edu. 
Applications must be received by November 
2, 2007 to ensure full consideration with the 
‘appointment staring on or around July 1, 2008, 
rnd lelter, eutricilum vita, names of three 
references, a statement of teaching interest, and 
| summary of the current and planned research 
to the named Chair, School of Pharmacy 
777 Highland Avenue, Madison, WI $3705. 
2222. If submitting by e-mail, please indicate 
“Application for PVL# 0S..." in the subject 
line, The search will continue until the positions 
are filled, 

UW-Madison isan Equal Opportunity 
Affirmative Action Employer Wismen and 
underrepresented minority groups are 
especially encouraged to apply. We promote 
‘excellence through diversity and encourage all 
‘qualified individuals to apply 


PACULTY OF MEDICINE 
GREAT MINDS FOR 
A GREAT FUTURE 


Assistant Professor 
Laboratory Medicine and Pathobiology 


The Department of Laboratory Medicine and Pathobiology, Faculty of Medicine, University of 
Toronto is sccking applicants for one full-time faculty position, academic microbiologist either 
‘non-tenure or tenure-stream. The appointment will commence on | April, 2008 and will remain 
‘open until filled. 


Excellence and recognized expertise in the areas of molecular and biochemical mechanisms of 
microbial disease, with preference to virology. Candidates must have an MD or a PhD degree or 
‘equivalent, have completed significant postdoctoral training, and have an established track record 
of high quality research accomplishment. Exceptional candidates with established funded research 
programs and a rank of Associate or Full Professor may be considered as well 


The successful candidate is expected to participate actively in graduate and undergraduate teaching 
‘programs, mount an original, competitive, and well-funded independent rescarch program and inter- 
act with other investigators at the University of Toronto campus and the major afiiated hospitals, 
Rank and salary will commensurate with qualifications and experience. Additional information on 
the Department of Laboratory Medicine and Pathobiology can be obtained through the World Wide 
Web at http2//www.dmp.facmed.utoronto.ca, 


Interested applicants should include with thei application: C.V., a description of their research 
accomplishments and the focus of their planned research program, together with the names of three 
references by October 31, 2007 to Professor Avrum Gotlieb, Professor and Chair, Department 
of Laboratory Medicine and Pathobiology, Faculty of Medicine, University of Toronto, 100 
College Street, Room 108, Toronto, Ontario MSG ILS; E-mail: avrum.gotlieb(@ utoronte.ca, 


The University of Toronto is strongly committed to diversity within its community and especially 
welcomes applications from visible minority group members, women, Aboriginal persons, persons 
with disabilities, members of sexual minority groups, and others who may contribute to the further 

diversification of ideas. All qualified candidates are encouraged to apply. However, Canadians 

‘and permanent residents will he given priority 


Nagasaki University 
Positions open for: 
Strategy for Fostering Young Scientists at a 
Local University (Assistant Professor) 


in Japan is now actively recruiting about 17 academic researchers as assistant 
professors forthe "Strategy for Fostering Young Scientists at a Local University” 
Anassistant professor recruited by this program shall be expected to participate inany of the following 
rine major research projects designed by the Univenity, for five years. During a project, the assistant 
professor will be able to work om his/her independent research supported by research space, facilities, 
funding. and a respectable salary. Ifthe research achievements are deemed excellent atthe end ofthe 
determined period, he'she will be promoted to associate professor following an examination 
Global Strategic Center for Radiation Health Risk Control 
Giobal Controt Strategy of Tropical and Emerging Infectious Diseases 
Restoration of Enviroment and Revources in East Asian Estuaries 
Establishinent ofthe Center for Skeletal Basic Research 
Research Promotion regarding Drug Development for Infectious Diseases 
‘Chronic Pain Reseatch and Control 
Intendisciplinary Research on Communication between Adult and Child, and between 
Childe 

+ Materials Science Based on Nano-Dynamics 

* Technology Integration Using Real-time Information Processing 
* Foe detailed application information of each project, please refer to our official website at http:// 
wvenagasaki-u.se,jp/wakatefindex_e.htmt 
‘Scheduled Research Period: 
From December 1, 2007 to March 31, 2012 
Application Deadline: 
5:00 p.m. on Friday, September 28, 2007 
After a preliminary documentary examination, successful applicants will he expected to come 10 
‘Nagasaki University around mid October to attend a seminar in which the applicants give a lecture and 
‘undergo an ora examination on their current research. The University will cover airfare and transportation 
{ees in Japan. In the case of intemational applicants, a visiting schedule may be arranged with the 
Universit. 
* Please refer to our official website below for requested documents, qualifications, contact information, 
and address for submiting application 

(wwe. ae, stefindex_e.html 


Microarray Technolo 


aturing microarray technologies — 
and a synergy with next generation 
DNA sequencing —is enabling 
rapid progress in our understanding of 
many diseases and is even impacting the 
diagnostic process. Learn about the latest 
developments on p, 1101 of this issue. 


October 19 — Genomics 2: SNPs ; 


, , Also available at 
November 2 — RNAi 2: Therapeutic Applications seatienbiae ong nose 


November 30 — Protein-Protein Interactions 


AA 


International Careers Report: Germany 


Whether recruiting, creating awareness, 
repositioning your organisation, or promoting your 
products and services, don't miss the opportunity 
to be seen in this issue. 


Booking Deadline: 
4 September 2007 


Contacts: 
Tracy Holmes, Alex Palmer, 
or Marium Huda: 


‘Cowen we COLUMBIA UNIVERSITY 


S49] Biomechanics 
Faculty Search 
2007-2008 


The Department of Biomedical Engineering in the Fu Foundat 
School of Engineering and Applied Science at Columbia University is 
ing to fill a tenure-track faculty position at the Assistant or 
Associate Professor level but exceptionally qualified candidates will 
be considered for a higher-level position. Applicants should have a 
doctoral degree in biomedical engineering or a closely related disci 
pline, and should be prepared to establish a vigorous and indepen: 
dent research program in any of the broadly defined areas of biome- 
chanics such as cellular oF molecular biomechanics, biomechanics of 
owih and remodeling, biofluid mechanics, tissue mechanics 
Suceessful candidates will have demonstrated a strong background in 
mechanics applied to biological systems. 


Applicants should send a complete curriculum vitae, three publication 
reprints, statement of research interests, a statement of tea 
Interests and names of four references by March 1, 2008 to: 
Professor Barclay Morrison 111 
Chair of the Biomechanics Faculty Search 
Department of Biomedical Engineering 
Columbia University 
351 Engineering Terrace, Mail Code 8904 
1210 Amsterdam Avenue 
New York, NY 1002 


has been ile. 


Columbia University an affirmative acton/equal opportunity employer 
‘Women and minorities are encouraged 10 apply 


The search will emai 


open uniil the posi 


Senior Program Officer 


The Howard Hughes Medical Institute (HHMI, 3 national and 
{international philanthropy devoted to biomedical research and science 
ccducation, is seeking an experienced professional wo oversee medical 
‘education programs. This postion will be located in Bethesda, MD. 


The HHMI-NIH Research Scholars program (or Cloister Program) is 
a residential program for medical, dental, and veterinary students who. 
are hound 2 the Closter Buling 6) on the caus of the Nasional 
insitutes of Health in Bethesda, Maryland. The Research ‘Trin 
Fellowship for Medical Stadents Program makes awards wo individuals 
‘to conduct research a institutions other than NIH, 


In this key poxition, the Senior Program Officer will be responsible for 
the daily operations of the medical esearch taining programs, the 
development and administration of budgess, the oversight of program 
polcy compliance and information stem appbeations, 3s well ay 
‘management of staff members and eontracar. 


The ideal candidate must possess a Ph.D. (or M.D.) in biological sciences 
with laboratory research experience ina medical school environment, 
along with at leat two Years of experiance in administration related to 
biomedical research or science education, excellent communication skills, 
and demonstrated sill in managing programms and people 


HHAM is an ioellectually demanding, results-oriented organization 
with excellent salanes and benefits. Responses should inchide your 
[present position, and a brief summary of your scientific interests and 
‘ccomplstunents Please send your resurne to Ms. Christine Leonhanlt, 


‘The Howard Hughes Medical Institute isan Equal Opportunity 


Et it 
HHMI 


HOWARD HUGHES MEDICAL INSTITUTE 


NEUROSCIENCE FACULTY POSITIONS 
THE UNIVERSITY OF IOWA 
CARVER COLLEGE OF MEDICINE 


rack positions. Successful candidates are 
cexpectedto develop anextramurally funded, high quality, and independent 
‘esearch program. We ae particularly interested i 

‘would compl 

is open to all 

th eaablished research progam to be oppot 

Full Professor rank. 


hil startup fas for equipment, person 
supplies are available, The University of fowa is located on the rolling 
bills along the Lowa River in Lowa City, an affordable university com 


‘munity with many cultural and recreational amenities. 


Applicants are asked 10 submit curriculum vitae, a one page summary 
fof rescarch accomplishments, and a one page description of future plans 
nd copies of major publications, Applicants should arrange to have three 
letters of recommendation sent to the search commitice. Review of appl 
cations will begin November 1, 2007. Send all materials to: 
Dr. Kevin P. Campbell, Chair 
Department of Molecular Physiology and Biophysics 
Roy J. and Lucille A. Carver College of Medicine 
The University of towa 
5-660 Bowen Science Building 
Jowa City, 1A $2242 
bttp:/www.physiology.ulowa.edu 


Electronic applications may be sent to: 
‘physiology recruitment(@ uiowa.edu 


The University of lowa is an Equal Opportunity/Affirmative Action 
Enployer. Women and minorities are encouraged to apply 


Northwestern University Feinberg School of Medicine 
Director of Anatomic Pathology 


The Department of Pathology at Northwestem University Feinberg Schoo! 
‘of Medicine, Chicago, invites applications fora full-time faculty postion as 
Director of Anatomic Pathology. The successful applicant will be an estab 
lishod investigator clinician with a national and international reputation for 
‘excellence in surgical pathology and/or cytopathology. In addition, the appli 
‘cant will have excellent interpersonal and leadership skills, and experience 
training Residents and Fellows. She will oversce the growth and operation of 
Anatomic Pathology at Nonthwestern Memorial Hospital and play a major rok 
in furthering the development ofthe Department intoa world-class center for 
‘academic pathology. This wll include expansion of out fellowship programs, 
‘developing subspecialty areas of excellence in surgical pathology, and helping 
to catalyze translational esearch a the medical cent 


‘The medical school and its main teaching hospital, Northwestern Memorial, re 
9's magnificent "gold coast.” The environ 

for hypothesis driven basic rescarch, and for translational and collaborative 

rescarchat Northwestem University andthe Northwestern Memorial Hospital 

is outstanding. Applicants mst hold MD or MD/PKD degrees, be certified in 

Anatomic Pathology by the American Board of Pathology, as well a eligible 

for an unrestricted medical license inthe State of Mlinois 


We expect the successfil candidate will be qualified to be appointed as a 
fall professor. If professional experience warrants, this individual will also 
hold the position of Vice-Chair A very generous salary and benefits package 
will be provided, in addition to funds for moving and expanding a research 
laboratory, if appropriate. In order to effectively evaluate candidates forthe 
proposed starting date of January 1, 2008, interested applicants should submit 
‘and names of three references via e-mail 

2007. Additional questions 

to; William A. Muller, MD, PRD, Magerstadt Professor 

and Chairman, Northwestern University, Feinberg School of Medicine, 
‘Ward Building 6-204, 300 East Chicago Avenue, Chicago, IL 60611-3008: 

wamullerianorthwestern.ed 


Nortincestera University is an Equal Opportunity/Affirmative Action 
Nimen and minority candidates are encouraged to apply: Hiring 
{is contingent upon eligibility to work in the United States 
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Take your next career step. 


| get jobs emailed 
1 90t great tips or funding 
‘my research 
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From the journal Sci 


They have thousands 
of job postings to search 
{rom industry, academia, 

‘and government 


‘researched employers 
‘and applied tothe ones 
that suited my needs 


a 


Your career is our cause 

> Thousands of job postings > Funding information 
> Career advice from experts > Career Forum 

> Resume/CV Database > Much more 


www.ScienceCareers.org 


g 
2 
3 
g 
4 


Informatics Director 
(Assistant/Associate/Full Professor) 
Clinical and Translational Science 
Program 
‘The University of Vermont 


‘The University of Vermont is recruiting for an 
Informaties Director forthe Clinical and Trans- 
lational Science Program, The qualified candidate 
will haye an advanced degree and/or significant 
‘experience in the use of sophisticated informatics 
systems in translational ander clinical research, 
Preferred candidates will have experience work- 
ingat the interfaces of different IT systems in df- 
ferent institutions with an emphasis on intercon- 
ntivity; experience with an electronic medical 
record would bean advantage. The candidate will 
also be expected to have a track record and con- 
tinue to publish in academic joumals in aspects 
conjoining IT and clinical and/or translational 
research, The appointment will be made at the 
appropriate Professorial level with or without 
tenure in the Clinical and Translational Science 
Program and inthe appropriate primary depar- 
ment, depending on discipline. Applications will 
‘be accepted until the position is filled; however, 
Wwe strongly encourage the submission of mater 
als by September 30, 2007, Applicants should 
send a copy of their CV, a leter outlining their 
ienests and three letters of 
Richard Galbraith, M.D., Ph.D., Chai 
‘Search Committee Associate Dean for 
‘Oriented Research, MCHV/Buird 727A, 
‘olchester Avenue, Burlington, VT OS401 or 
bbyapplying at www.uymjobs.com. Applications 
tare encouraged from women and individuals of 
diverse racial, ethnic ant cultural background 
AN EQUAL OPPORTUNITY/AFFIRMATIVE 
ACTION EMPLOYER, 


Faculty Position in 
Cardiovascular Diseases 
Columbia University 
College of Physicians and Surgeons 
Department of Physiology 
‘and Cellular Biophysics 
Department of Medicine/Cardiology 


We invite applications for tenure-track Assistant 
Professor of Assosiate Professor faculty position 
in the Department of Physiology and Cellular 
Biophysics and the Department of Medicine, 
focusing on Cardiovascular Discases, We sock 
‘candidates with research interests including 
celular andor anima electrophysiology, muscle 
biology, cardiovascular development, stem 
cel and heart failure, which will complement a 
‘ulbtantalinterdiseiplinary program. Applicants 
should havea PRD, MD or MD/PHD, or equivalent 
degree and postdoctoral experience. fn addition 
toa generous start-up package, an endowed chair 
is available for a senior or an exceptional junior 
‘candidate. Successful candidates are expected 
to develop/maintain an innovative, externally 
fanded research program, as well as participate 
in graduate and medical student teaching, 
Applicants should include a curriculum vita, 
representative reprints, a statement of current 
and future research interests, as well a three 
letters of recommendation. AI material should 
be sent to: Sheba R. Edwards, Department of| 
Physiology and Cellular Biophysics, Columbia 
University College of Physicians and Surgeons; 
(630 Wi68th Street, New York, NY 10032. Te 
212-342-4766, Fax: 212-305-3690, E-mail: 
S671 @columbia.edu 


Columbia University és an Affirmative Action 
Equal Opportunity Employer and welcomes 
“applications from women and minorities. 
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FACULTY POSITIONS: BIOCHEMIST, 
INORGANIC CHEMIST 

The Department of Chemistry and Biochemistry 
at California State University, Long Beach, invites 
applications for two tenure-track positions (Ino 
ganic Chemist, Biochemist) at the ASSISTANT/ 
ASSOCIATE PROFESSOR keycl to begin 25 Aw 
{gust 2008, Excellence in teaching, scholarly activ 
fy, and service are expected at undergraduate and 
Master's degree ices. For complete postion descrip 
tions and application instructions, go to website: 


hep: //chemistry.csulbvedu/. For’ gencral informs 
Tha dees De: Bough McAbee (cima desert 


csulb.edu; telephone: 562-985-1558). Revew of 
“Spplications begins 15 October 2007. CSU, Lang 
Beach, toy emownayes sppltions and nominations of a 
‘guid dividuals, and wciomes candidates who support 
ocity 


POSITIONS OPEN 
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ORGANIC CHEMISTRY 
Dartmouth College 
Anpliations are invited. for a faculty position at 
the ASSISTANT PROFESSOR level starting July 
2008. The Chemistry Department sccks an ini 
al who lexan a natienaly recognized re 
search program in organic chemistry st Dantmouth, 
Shao wil excel a teaching in our dergraduate 
Sad Ph. cumiulim. We ae parc interested 
in indiduas with 4 strong bucground inthe 
ta chemtry of materia oe biomaterial, Can 
thre wl be eapcte to be ale to tach intexlctoy 
and aed une i eran chem 2 wa 
3s graduate courses in ther area of recarch. Appl 
ant should submic curiculum vita a description 
tt thir escanch plan, aid 3 brit statement about 
their teaching interes Applicants should aso a. 
fe fo hve dhs ey recon aon et 
treated confidential The Commitee il gis 
Consber cempeted applications on Octobcr 1 
3007. Appin mach shoud be sc to: Chai, 
Organic Chemist Search Committee, Departent 
of Chemisty, 6128 Burke Laboratory, Dartmouth 
Hanover, NH 03788-3860. Tih an ern 
arto of mae onde denon wer « var of 
td tegen edo platen meio  mlerygen 
Darth ts commited diy nd enone opt 
tow fo ron and wins. Bam Calg 1 
{Spud Opprtnty and Amat Aon Engle 


ASSISTANT PROFESSOR, TENURETRACK, 
MEDICAL ENTOMOLOGIST. Te Ensomog 
Department at Teas A&M Unirnty sce ap 
Caots with s PhD, ih entomology or rated Rel, 
with caperibe in fed level snes of mosque 
Secon han i al 

imcrucons for submision of applic 
srebste: hrpy//msccrstamn.che, Closing. date 
Er apnikatons September 13,2007, 


yew sciencecareers.or 


CONFERENCE 


Meet with your future business partners. 
Technology platform for joint research, technology transfer, etc. 
Exhibition, seminars, web-based meeting prearrangement 
‘system:~and more! Ideal networking opportunities: 


September 19 to21,2007 
10:00~17:00 


Pacifico Yokohama 


POSITIONS OPEN NFERENCE 


Faculty Positions in HIV Virology and NeuroAIDS TRESEARCH CONFERENCES | 
Center for AIDS Research UROPEAN 


Indiana University Schoo! of Medicine es Buropeun Conference Gh 
The Center for AIDS Research is seeking outstanding candidates with a eta onatacs — Synthetic Biology (ECSB): 
Ph.D. or M.DUPh.D. degree for Faulty positions atthe rank of tenure Design, Programming and 
track Assistant Professor, Associate Professor. and non-tenuretrack Optimisation of Biological 


Research Assistant/Associate Professor in the areas of HIV virology and 


pathogenesis. Preference will be given to those with research interests rea | ay ston 


Sant Feliu de Guixols - Spain 


in HIV neuropathogenesis, although all areas of HIV research will be popeirth anges 


considered, Academic credentials and experience will determine faculty 


rank and appropriate departments for joint appointments. 
si : aes Synthetic Biology lies at the interface of a varity of disciplines 


For tenure-track positions, external peer-reviewed funding and peer ranging trom Biology through chemistry, physics, computer 
reviewed publications in high ranking journals ae absolutely required science, mathemates and engineering. Although underiably malt 
and the faculty member wil be expected to pursue independent programs sciplinary, this nascent feld of research has tended to be locked 
in original basic research continue to sccure external grant support, and ‘within the narrow remits of each of is constitutive dsciptines, The 
participate in teaching graduate and medical students. For not-tenure specific overarching aim of this conference is to generate new 

vigorous interactions between the disciplines that impinge (and 
Contribute to) Synthetic Biology. 
ECSB 2007 will draw on intmational expertise from, on the 
one hand, Biologcal disciplines (e.g. Genomics, Proteomics, 
Metabolomics, ete). and on the other hand, Computational and 
A competitive startup package i available including new laboratory Engineering experts to present a balanced overview of the very 
space, The environment is highly interactive and productive with close latest key technologies and research advances as pertaining to 
ties on campus to all Basic Science and Medical Departments, and Synthetic Biology in general and the quest for minimal living forms 
Research Centers. in particular 

Conference Programme and further information avaiable tom 
wwwestorg/conterences/07241 


{tack positions, highly productive postdoctoral traning ofa minimum of 
3 years is required, and the Faculty member will be expected to establish 
independent and externally funded research program and transition to 
tenure-track positions within 2-3 years 


Interested candidates should email their curriculum vita, description of 
research goals and names, addresses, phone, fax numbers, and e-mail losing Dats for Appicatons: 7 September 2007 
Adresses of three references (in one PDF file) to fhe fupubeda 

Johnny J. He, Ph.D. Professor and Director, Center for AIDS European Science Foundation | Research Conferences Unit 
Rescarch, Indiana University School of Medicine, R2-302, 149 avenue Louise [Box 1é | Tour General, 15" Floor 
Indianapolis, IN 46202-5120, USA. oto his assistant, Ms, Cynthia Brussels | Belgium 


Tol: «32 ()2 533 2020 | Fax +32 0}2 538.8486 
Email: conferences@est org | www.estorg/conferences 
Indiana University isan Affirmative Action Equal Opporsuni, www.esf.org 

Employer WFID. - 


Booth at chooth(aiupuisedu 
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INS_ OPEN 


Drexel 
‘TWO AUXILIARY POSITIONS 

Department of Bioscience and Biotechnology 

Drexel University, Philadelphia, Pennsylvania 

The Department of Biowicnce and Bioeschnology, 
Dreasl University in Philadelphia, is secking co 
AUXILIARY TEACHING INSTRUCTORS to 
teach undergraduate/graduate courses in biological 
sciences for the 2007-2008 academic year 

The suecessful candidate must have 2 Ph.D. in the 
ological sciences or related fick and will each at 
the main campus in University Cty Philadelphia, One 
‘of these positions will ao be requirad to teach at the 
Burlington County Community College camps. 

We are sccking Instructors. with expertise in 
teaching in one of the following disciplines: general 
ology, biochemistry, molecular cell biology, phy» 
iology, and statistical analysis. Demonstrated teacl 
ing experience preferred. One-year contracts with 
posibility of renewal 

The review ofthe applications will begin August 27, 
2007, and continue until the postions ar ile. Desai 
‘on the Department can be found at website: hap: // 
wow drexeledu /academics/coas bioscience /. 

“Applicants are requested to submit full curriculum 
viras, statement of educational interests, and the 
‘contact information for three oF more references to 
the: Department of Bioscience and Biotechnol 
‘ogy, Attention: Bioscience Auxiliary Search Com: 
mittee, Drexel University, 3141 Chestnut Street, 
Philadelphia, PA 19104, or fax: 215-898-1273. 
‘yes Cie as Equal Opporminty Employer 


PROJECT COORDINATOR 
(SCIENTIFIC WRITER) 

The Department of Pharmacology in the College 
‘of Medicine at the University of Ilinovs at Chicago ts 
sccking a Project Coordinator who can asst in 
‘writing and coordinating NIH grants and scientific 
‘documents, Scientific echnical writing experience is 

re. Primary responsibilities inchide the preps 
ration and. editing of sie 
Proposals, manuscripts, gyant applications, slkles, 
presentations, and other documents. Applicant will 
ao revi the stp Sect so props 
Will work sirccly with the Department Head to 
sais with writing up scintiic plans and reports and 
will be responsible for the organization and devel 
‘opment of documents, with 3 specific eye toward 
charity, coherence, perswasiveness, and the scientific 
Integrity of the’ material. A’ Bachelor's degree 
(Master's preferred) in natural science and (wo to 
Five years af expericnce is required, Previous expert 
cence ina university-based setting is helpfl. For 
nsideration, applications must be submitted 
s 15, 2007. Please respond to: Aileen 
Baker (PCOO1), Department of Pharmacology 
M/C 868, Coliege of Medicine, University of 
Mlinois at Chicago, 835 8, Wolkott Avenue, E403 
MSB, Chicago, TL 60612. UIC i 2 Affine 
Aion Equal Opportunity Employer 


MICROBIOLOGIST 
Ripon College secks a tenure-track ASSISTANT 
PROFESSOR stating August 2008 to each mero 
Biology, on upperdivtion molecular Bidogy couse, 
fn! partkipate in inteuctory courses fr majors 
nl honmajors ‘The candidate must have a PRD, 
ind be able to lead undergradtate research. Send 
icter of application, curriculum stse, statements 
sf instructional philosophy and research interes, 
ference, and aerange to have sent 

ficial undergraduate and graduate transcript to 
De. George H. Witler, Chair, Department of Bi 
‘logy, Ripon College, P.O. Box 248, Ripon, WI 
$4971. Applicant review begins October 1, 2007, 
tna or more iat 


24 AUGUST 2007 VOL317 SCIENCE 


POSITIO? N 


FACULTY POSITION 
in Gastrointestinal Research 

The Digestive Disease and Nutrition Cente 
Women and Children's Hospital of Butfalo, Stat 
Univenity of Now York, is sccking a base RE- 
SEARCH SCIENTIST with a doctoral degrce and 
at least three years of cxpericnce or a PHYSICIAN 
SCIENTIST for a temire-track postion. The suc 
cesful candidate will run a laboratory studying the 
‘molecular basis for inflammation in the’ gastro 
intestinal tact and nonalohokc statenis and super. 
vise the research of flows during their sccond and 
third years of fellowship. Supervisory akils as well 3s 
finthand knowledge of molccular biology and cdl 
culture tcchniques arc necessary. This is 3 chance 
‘tablish an independent rescarch arca with solid 
Suppor 

‘Send cumiculu vitae with references to: Robert 
D. Baker, M.D., PRD. oc tor Susan S. Baker, 
MD., Ph.D., Digestive Disease and Nutrition 
Center, Women and Children's Hospital of Buf- 
falo, 219 Bryant Street, Buffalo, NY 14222. Or 
‘email: rhaker@ upa.chob.edu or shaker@upa.chob. 
edu, or telephone: 1-716-878-7198. 

Sate Unarerity of Now York at Baie ie an Eu 
Opponiy, Afomsive Aion Expbyer/ Reon. 1 
and vant ae excel apy 


FACULTY POSITIONS 
(ASSISTANT/ASSOCIATE/FULL PROFESSOR) 
‘Molecular Medicine/ 
Neuropharmacology/Molecular Genetics 

Dr. Panjwani Center for Molecular Medicine and 
Drug Research, U Karachi, Pakistan, a 
rnouces culty positions with an initial appointment 
of three years (extendable, involving rescarch, teaching, 
and sapenision of pentgradate esearch, Open t0 a 
‘fates of any nabonaly. Ph.D. in the relevant Scds 
along. with preven track recent of original research i 
required. Salary up to USSS,000 per month, along with 
fonveampus accommexiation, laboratory space, and an 
anoual Kave of one month. Genereas startp grant and 
projes-based ancl sport (up to US80.2 a 
{hoa}, Contact: Professor Dr. M. Iqbal Choudhary, 
Co-Director, telephone: 92-21-4824824-25; fa 
92-21-4819018-19; e-mail: pemd@eyber.net pk; 
website: http: //www.iccedu, 


FACULTY POSITIONS in population genetics 
(ASSISTANT PROFESSOR) and fungal genomice 
(ASSISTANT/ASSOCIATE PROFESSOR) is 3 
Iroudly based fant Pathology Department. Expect 
‘om inchale an inkpendent extramural fund r 
search program anf teaching in the area of expertie 
Details at website: herp:// www plantpath.ksu.eda/. 
Send cuerculum vitae, statements of research and 
teaching interest, cepa of up to Sve relevant 
Publications and. three letters of reference to: 
Bikram S. Gill (Population Genetis) or Barbara 
Valent (Fungal Genomics), Department of Plant 
Pathology, 4024 Throckmorton Plant Sciences 
Center, Kansas State University, Manhattan, KS 
{66506°5502. Kowar Sst Uren i Ep Oppo 
tnaty Ener 


The Deparment of Biological Sciences at Dart 
mouth seks appicants for 2 LABORATORY IN- 
STRUCTOR for cell biology, phssiclogy, genctic, 
and molecular biology undergraduate courses Or 
ganiationalabity, song interpersonal ils, and 3 
Sincere interest in" undergraduate teaching, ae re 
Gired. Apphcants thar have a MLS. (or higher) de 
fre in meleclar/cell Balog are pecs, ches 
pirans wae an adaneed degre: bor wih ger 
Gar isborstory and/or teasing experienc wil ho 
ite considered. Phase apply for postion #0396300, 
wer dartmouth zta/ brs, 


te divenity and eneatages 
spphcaten from womce sad wineries. Disameach Coleg 
iam Equal Oppornnty and Afiomatve Aion Employer 


From physics 
to nutrition 


For careers in science, 
tum to Science 


www.ScienceCareers.org 


* Search Jobs 


Career Advice 


Job Alerts. 


Resume/CV 
Database 


Career Forum 


Graduate 
Programs 


All of these features 
are FREE to job seekers. 


Science Careers 


wwe sciencecareers.org, 


Award for Medical Sciences 


Hamdan Award 
for Medical Research Excellence 


In the field of; 
THERAPY IN MALIGNANCY 


MOLECULAR THERAPY IN 
DRUG TARGETING (PHARMACOGENOMICS) 


ORGAN & TISSUE TRANSPLANTATION 


‘The prize amount is AED three hundred thousand (AED 300,000) (Approx. 
USS 82,000) to be awarded equally to 3 winners. 


The general secretariat is pleased to invite doctors, researchers, universities, 
research centres and medical scientific societies throughout the world to submit 
their research work for the awards 2007-2008 


Closing Date: November 30, 2007 


Ft futher information 
‘The General Secretariat 

Sheikh Hamdan Bin Rashid Al Maktoum: 
Award for Medical Sciences 

P.O Box 22252, Dubai, United Arab Emirates 

Tel: +971 43986777 

Fax: +971 4 3984579 / 3980999 

Email shhaward@emiratesnetae 

Website hitp/wwwhmawardorg2e 
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ASSISTANT PROFESSOR of BIOCHEMISTRY 
“The University of Akron 

The Chemisty Department at the Unicrity of 
Akron sccks applications and “nominations for 3 
tenure-track. Asastane P ‘bochemiry 
The Department currently his 18 full-time fculy 
and more than 68 graduate students pursuing the 
hand AUS. degrees, We have moder tne 
jeaton centers im the arcis OF clear magnctic 
Fesonance, mas spectrometry, Xray crytallogapb, 
dnd laser spectroscopy. The Department alo fas 3 
strong emphasis on organic and inorganic synthesis 
4 wells opportunites for collaboration with the 
Ph.D. Program in Integrative Biowsiences. More spe 
cific information about the Department can be 
beanie tthe website: huap://www-uakron.edu/ 
colleges/artsci/depts/chemistey/. Applicat mint 
pouess 2 Ph.D. in anyarca of chemi biochem 
Bry, have postdoctoral scart expericnee, and have 
2 wrong pulication recond. The steel candidate 
‘sl be expected t teach biochemistry at both the 
rate and undergraduate levels and to establish a 
Extemally fanded rscach program. To apply, submit 
2 eover letter, current curiulim vitae, 3 dexcpeon 
Of proposed’ research, a teaching statcmenty and 
range to have thce ters of recommendation st 
to: Biochemistry Search Chair, Department of 
Chemistry, The Univensty of Akron, Akron, OH. 
44328-3001, “Applications will be rovicwed. frm 
October 15, 2007, uel the position 1 ill. The 
Une of Aon eaned vo poly of Ea nly 
tment Oppo and te the pip ef Amato Ao 
stan wih ate and fee 


POSTDOCTORAL ASSOCIATE POSITIONS. 
in Human Cancer Immunology 
Two Postdextoral Awociate positions arc available 
rediately at the University of Minnesota Cancer 
The candidates should have a Ph.D, in 
wology and/or molecular of MD. 
with research eaperience én immu 
gy, and/or molecular biology. One: postion will 
Investigate genetic mexification of human hemat 
poietic stem cells with nonvial vectors using skills, 
fn cell culture, fluorescence activated cell sorter 
analysis, stem cells, cloning, integration analysis, 
and animal model, The second position will invest 
gate transcriptional regulation of human T cell 
development, differen 
skill in cell culture, DNA and RNA isolation, real 
PCR, Southern and Northern blot, microaray, 
if bioinformatics. Applicants should’ have pee 
reviewed publications. Apply online 10 requisition 
number 148967 at website: hetps://employment. 
lumn.edu. Submit curriculum vita, ktter of nterest, 
il contact information for three references to the 
atteotion of Dr. Xianzheng Zhou. Unienity of 
Minneta an El Opportunity Evasion and Employer 


Center 


ASSISTANT PROFESSOR 
WETLAND ECOLOGIST /SCIENTIST 
‘Utah State University 

The Department of Watershed Sciences (website: 
hetp://www.cns.ususedu/departments/ wats) 
and the Ecology Center (website:http://www. 


2 broadly trained Wetland Ecologist/ 
Scientist with areas of specialization thar comple 
iment those of other faculty at Utah State University 
Areas of specific expertise include, but are not 
limited to, biogeochemistry, hydrologic processes, 
ecosystem services, food web ecology, restoration, 
and toxicology. The complete position description 
(#050942) and instructions for applying are ails 
bie at website: hry susuedu. Review of 
applications starts T Octol 

ish Site Unicity is an Afomatve Action /Egusl 
Sproniy Epoyer nd eon spins om 


1126 
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POSTDOCTORAL POSITION is ssilable ins 
mediately to study molecular mechanisms of Alz 
trimer’ dicate tung tangenic/knockout mice 
and call ines. The specific prokct, funded by Na 
‘onal Insure on Aping grant involves the ives 
Ligation of the role of ABCAL and other lesterol 
Iransporters, LAR recepors, and psd metabolian 
Alaheimer's disease. Candilates should have PhD. 
‘or M.D. wth a strong background in mokcular and 
cl biology, Experinee with mokeulr biology 
thniguy cl cure, Baoan mary 
nd trangenks mike are desirable terested app 
Gus atid send Cc vine tad sane 


(telephone: 412-383-6906), Department of En: 
vironmental and Occupational Health, University 
of Pittsburgh, 100 Technology Drive, Pitts 


burgh, PA'15219; email radake@pitzedu 
iyal@pittdu. The Uniersty of Ptabuns a Ea 
Opportmity Employer 


POSTDOCTORAL POSITION 
ioctoral position available immediately 
4 highly motivated individual interested in mo- 
Accu mechanisms controlling imaune system 3c 
tivation, auteammunty, sed gue meaty (web 
hetp://www.columbiaedu). We are looking for 
aan indivktual (1'h.D, and/or M.D.) with a strong 
background in biochemistry, immunology, and 
molecular biology, and ability to work independently 
and cooperatively with other investigators ia the 
Laboratory 

Send a brief statement of your interest, curtic 
vitae, and names of three references to: Dr. Hua 
Department of Microbiology, Columbia Univer: 
sity, College of Physicians and Surgeons, 701 West 

[68th Street, HHSC, Room 6-611, New York, NY 
10032 U.S.A. E-mail: hg2065@columbia.cd, 

Columbia Univeiy 5 am Affomative Aion ual Op- 
pormnsty Employer. 


NIH funded POSTDOCTORAL POSITION 
available inthe Mokcular Pharmacology Research 
Comer at Tufte New England Medical Center in 
Boston, Massichosctts. Dreoplila mutant lines are 
being utilized to Mlentiy novel genes regulating feed 
ing and fit depoxtion. Follow-up characterization 

sorrcsponding mammalian homologs 38 candidate 
oniulters of metabob function insides bnochemi 
‘al and molecular pharmacologacal approaches in vitro 
and in sho. Exporkace with Drowpbila required, 
Please send curnculum vitac and names of three ref 
erences to Alan Kopin, M.D., e-mail: akopin@ufts- 
‘emecorg, Tos NEMC i an Eual Oppornmaty Exper 


ANNOUNCEMENTS 


INDO-US. SCIENCE AND TECHNOLOGY 
FORUM 
Fulbeight House, 12 Halley Road 
New Delhi-110 001, India. 
‘Website: hrtp://www.indousstt 
‘THIRD CATE FOR PROPOSAL 2007 

The Indo-US, Sdence 
(IUSSTE}, ewablishe 
the Governments of Inia and the United States of 
‘America, fan autonomous, not-for wot soci that 
fromorcs and catacs the Indo-US. lates collab 
{rations in sdence, technology, cngincering, and bio 
tmedieal research through substantive interaction 
Sng nin eae, an ity 

"The LUSSTF sce to support innovate programs 
aimed to stimulte ineraciom thar fave rang 
potential for generating follow-on atts and Du 
{hg long-term Indo-US. S&T relationships 

The TUSSTE sos proposals thrice year (ul 
snison deailine Februaty, June, and Oxtober) panty 
Sunited by the US, and Indian Dringpal lnvest 
fat fren acm, generment Fuad si 
Ehoratones and private REED ents for: (1) Know 

€ RED networked and pull private ncwvorked 
o-US conten (2) Indo S wath, 
symposium, (3) Training schodds, an 
rans (1) to aval aeady awarded fell 
Sbatical positions in US, /India (i) F 
U'S. participants to attend tcmational conferences 
vent in nda (3.) For specie exploratory planning, 
‘ins aimed at large-scale collaboration 

Dad Format sna at web: hi 
indoust.ong. 

For further details and clectronic submission 
Arabinda Mitra, email: amitra@indoustforg ak 
Michael Cheetham, e-mail: mcheethamésied 

Submision dealine: 18 October 2007 Avant an 
ouncement mid January 2008 


Get your career 
questions answered. 


Careers Forum 


Science Careers 


www.ScienceCareers.org 
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Fox 214+9000898_wormolpeps.com 


Oligo Synthesis Reagents 


© CPG Supports 

¥ Linkers, Spacers, & Modifiers 

FE Bulk Reagent Picing Avalable 
BIOSEARCH — +1,800.GENOME.1 


yawwsciencecareers.or 


Science is organized 
knowledge. Wisdom is 
organized life. 


Immanuel Kant 


Philosopher (1724-1804) 


‘Our core strengths include not only technologies that support superior products and services, but also the spark of ideas that 
lights the way to a brighter future. Shimadzu believes in the value of science to transform society for the better. For more than a 
century, we have led the way in the development of cutting-edge technology to help measure, analyze, diagnose and solve 
problems. The solutions we develop find applications in areas ranging from life sciences and medicine to flat-panel displays. 
‘We have learned much in the past hundred years. Expect a lot more. 


www.shimadzu.com @® SHIMADZU 


1877-7 


www.carestre 
www.carestre 


Powerful, Multi-modal Imagin 


Now so easy 
everyone is 
lining up to do it! 


KODAK X-SIGHT 
Imaging Agents & 
Antibody Conjugates 


The KODAK In-Vivo Imaging System FX Pro combines high-sensitivity 
Optical Molecular Imaging and high resolution digital X-ray to deliver 
precise anatomical localization of molecular and cellular biomarkers. 


Whether you're performing multi-wavelength fluorescence, 
luminescence, X-ray, radioisotopic or a combination of these imaging 
modalities, the In-Vivo FX Pro fully automates the process for an entirely 
new level of sensitivity, throughput, repeatability, and ease-of-use. 


alth.com, 
alth.com, 
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